WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C12N 15/63, 15/85, 15/86 



Al 



(11) International Publication Number: WO 95/21259 

(43) Internationa) Publication Date: 10 August 1995 (10.08.95) 



(21) International Apphcation Number: PCT/US95/00924 

(22) International Filing Date: 24 January 1995 (24.01.95) 



(30) Priority Data: 
191,669 



4 February 1994 (04.02.94) US 



(71) Applicants: THE UNITED STATES OF AMERICA, rep- 

resented by THE SECRETARY, DEPARTMENT OF 
HEALTH AND HUMAN SERVICESNational Institutes of 
Health [US/US]; Office of Technology Transfer, Box OTT, 
Bethesda, MD 20892-9902 (US). LIFE TECHNOLOGIES, 
INC. [US/US]; 8717 Grovemont Circle, Gaitherburg, MD 
20877 (US). 

(72) Inventors: SETH, Prem; 1 1705 Cherry Grove Drive, North 

Potomac, MD 20878 (US). CRYSTAL, Ronald, G.; 
13712 Canal Vista Court, Potomac, MD 20854 (US). 
ROSENFELD, Melissa; 9009 Seneca Lane, Bethesda, MD 
20817 (US). YOSHIMURA, Kunihiko; 3-6-H Higashi- 
Nogawa 201, Komae, Tokyo 100 (JP). JESSEE, Joel, A.; 
4139 Old National Pike, Mt Airy, MD 21771 (US). 

(74) Agents: KILYK, John, Jr. et al.; Leydig, Voit & Mayer, Ltd., 
Suite 4900, Two Prudential Plaza, Chicago, IL 60601-6780 
(US). 



(81) Designated States: AU, CA, JP, European patent (AT, BE, 
CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: ADENO VIRAL-MEDIATED METHOD OF CELL TRANSFECTION 
(57) Abstract 

The present invention provides an adenoviral -mediated method of transfection with nucleic acids which can be augmented through 
incubation of the nucleic acids with cationic agents. Specifically, the present inventive method of introducing a nucleic acid into a eukaryotic 
cell comprises contacting the cell with, in any order or simultaneously, the nucleic acid and an adenovirus, wherein the nucleic acid is not 
bound to any molecule capable of effecting its entry into the cell. The cell is preferably additionally contacted with a cationic agent, such 
as a monocationic or polycationic liposome, such that the nucleic acid is not bound to any molecule capable of effecting its entry into the 
cell other than, optionally, the cationic agent 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


AU 


Australia 


GE 


Georgia 


BB 


Barbados 


GN 


Guinea 


BE 


Belgium 


GR 


Greece 


BF 


Burkina Faso 


HU 


Hungary 


BG 


Bulgaria 


IE 


Ireland 


BJ 


Benin 


IT 


Italy 


BR 


Brazil 


JP 


Japan 


BY 


Belarus 


KB 


Kenya 


CA 


Canada 


KG 


Kyrgystan 


CF 


Central African Republic 
Congo 


KP 


Democratic People's Republic 


CG 




of Korea 


CH 


Switzerland 


KR 


Republic of Korea 


a 


C6te d'lvoire 


KZ 


Kazakhstan 


CM 


Cameroon 


U 


Liechtenstein 


CN 


China 


LK 


Sri Lanka 


cs 


Czechoslovakia 


LU 


Luxembourg 


cz 


Czech Republic 


LV 


Latvia 


DE 


Germany 


MC 


Monaco 


DK 


Denmark 


MD 


Republic of Moldova 


ES 


Spain 


MG 


Madagascar 


n 


Finland 


ML 


Mali 


FR 


France 


MN 


Mongolia 


GA 


Gabon 







MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


. Slovenia 


SK 


Slovakia 


SN 
TD 


Senega] 
Chad 


TG 


Togo 


TJ 


Ta^kistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 95/21259 



PCTAJS95/00924 



1 

ADENOVIRAL -MEDIATED METHOD OF CELL TRANSFECTION 

TECHNICAL FIELD OF THE INV ENTION 
The present invention relates to transfection of 
eukaryotic cells with nucleic acids mediated by an 
adenovirus, and the augmentation of such transfection 
5 through preincubation of the nucleic acids with cationic 
agents . 

BACKGROUND OF THE INVENTION 
Research of the past decade evinces a strong and 

10 ongoing interest in devising new and better methods for 
introducing biological materials, in particular, nucleic 
acids, such as ribonucleic acid (RNA) , deoxyribonucleic 
acid (DNA) , and, more recently, peptide nucleic acid (PNA) , 
into eukaryotic cells. Such methods are prerequisites not 

15 only for so-called simple gene transfections in vitro, but 
also for a true understanding of gene function (which 
requires, in part, an ability to deliberately modify the 
genome) directed toward an ultimate goal of augmentation 
. therapy or, more preferably, somatic gene modification or 

20 therapy in vivo , to correct the underlying defect in 
inheritable diseases (IDs) . Although, many techniques such 
as use of DEAE-dextran, electroporation, calcium phosphate, 
microinjection, and osmotic shock are available for in 
vitro nucleic transfer, these methods are of limited use 

25 for in vivo nucleic acid transfer as they are either toxic 
to cells or their efficiencies of nucleic acid transfer are 
low (Feigner et al., Proc. Natl. Acad. Sci./ M, 7413-7417 
(1987)). 

Consequently, "early" researchers of gene therapy 
30 (i.e., those within the last few years) resorted to use of 
retroviral vectors, which are capable of effecting their 
own means of entry into cells. In the predominant 

approach to gene modification, researchers almost 
exclusively delivered nucleic acids vivo to isolated 
35 cells, and then infused the cells back into the living 
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host. However, retroviruses have a number of drawbacks 
which severely limit their application, particularly la 
vivo . For example, since retroviral vectors require target 
cell proliferation in order to transfer exogenous nucleic 
5 acid sequences, they are ineffective for transferring 
nucleic acids to cells which replicate slowly or are 
terminally differentiated (Mastrangeli et al., J- Clin, , 
invest. . Si, 225-34 (1993)). Additionally, they integrate 
randomly into the genome, potentially resulting in loss of 
10 control of the subcloned DNA, as well as host genetic 
alterations due to the disruption of genes. Moreover, 
retroviruses exhibit restricted host cell range and can be 
obtained only in relatively low titer (Burns et al., Proc^. 
Ttai-t. arad. 3d. . 2tt, 8033-37 (1993)). 
15 Consequently, many researchers turned to adenovirus 

(Ad) to resolve this dilemma, since host cell proliferation 
is not required for adenoviral gene expression (Horwitz, 
In: Virology . 2nd Ed., Fields et al., eds., (NY: Raven 
Press, 1990) 1679-1721; Berkner, K.L. , Bj oTechniques , £, 
20 606-629 (1988)). Furthermore, Ad possesses tremendous 
potential for eukaryotic studies given that it can infect 
a broad range of cell types from a variety of diverse 
species, it is easy to prepare in high titer, and it can 
easily be rendered replication-deficient, thus preventing 
25 the virus from usurping, and eventually destroying, the 
target cell (Ginsberg (ed.) The Adenoviruses, (NY: Plenum 
Press, 1984); Horwitz, In: Virology, 2nd Ed., Fields et 
al., eds., (NY: Raven Press, 1990) 1679-1721; Rosenfeld et 
al., Science . 252 . 431-434 (1991); Rosenfeld et al., £§11, 
30 £&, 143-155 (1992); Quantin et al., Proc. Natl . Read. Scj, , 
82/ 2581-2584 (1992)) . 

Additional advantages of adenoviral vectors include 
that recombination events are rarely observed with use of 
such vectors. Moreover, despite ubiquitous infection with 
35 adenoviruses, an association of such infections with any 
human malignancy has not been demonstrated. In fact, the 
live (or non- attenuated) form of adenovirus has been safely 
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employed as a human vaccine ((Horwitz, In: Virology, 2nd 
Ed., Fields et al., eds., (NY: Raven Press, 1990) 1679- 
1721; Berkner, K.L., BioTechnioues . £, 606-629 (1988); 
Ginsberg (ed.) The Adenoviruses , (NY: Plenum Press, 1984)). 
5 Furthermore, adenovirus exhibits trophism for the 
respiratory epithelium, and can be transcribed, translated, 
and appropriately processed in lung, gastrointestinal (GI) , 
as well as a variety of other types of tissue (Fields et 
al., eds., (NY: Raven Press, 1990) 1679-1721; Crystal et 

10 al., Nucleic Acids Res. , 2_1, 1607-12 (1993)). All these 
factors suggest that adenovirus constitutes a powerful tool 
in somatic gene therapy of IDs, particularly those which 
manifest in disorders of the lung and GI tract. 

Human adenovirus exists as a non- enveloped double- 

15 stranded DNA virus (Horwitz, In: Virology,, 2nd Ed., Fields 
et al., eds., (NY: Raven Press, 1990) 1679-1721). The 
adenovirus provides a dramatic example of a naturally 
evolved and highly efficient mechanism for transferring 
biological materials to target cells (Otero et al., 

20 Virology . 160 . 75-80 (1987); FitzGerald et al., Cell , 32, 
607-617 (1983); Seth et al., Mol . Cell Biol. . 4. 1528-1533 
(1984); Yoshimura, Cell Struct. Funct . . 10, 391-404 (1985); 
Defer et al., J. Virol. . 64, 3661-3673 (1990); Rosenfeld et 
al., Science , 252 , 431-434 (1991); Curiel et al., Proc. 

25 Natl. Acad. Sci. . 88, 8850-8854 (1991); Rosenfeld et al.,. 
Cell . 68 . 143-155 (1992); Quantin et al . , Proc. Nat l. Acad. 
Sci. . ££, 2581-2584 (1992); Curiel et al., Hum. Gene 
Therapy . 2, 147-154 (1992)). Namely, Ad enters cells by a 
receptor -mediated endocytosis (RME) pathway. In the 

30 initial virus -receptor interaction in this pathway, Ad 
binds with specific receptors present on the cell surface 
via fibers on its outer surface (i.e., the outer shell of 
each Ad is comprised of 240 hexons and 12 pentons, with 
g each penton being composed of a penton base and a fiber) 

35 (Ginsberg (ed.) Thg Adenoviruses. (NY: Plenum Press, 1984); 
Horwitz, In: Virology . 2nd Ed., Fields et al., eds., (NY: 
Raven Press, 1990) 1679-1721; Seth et al., In: Virus 
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Attachment Bstrv, j nto Cells. Colwell etal., eds., (WA, 
D.C.: American Society for Microbiology, 1986) 191-195. 
Following attachment, the receptors with bound Ad cluster 
in coated pits, and the virus is internalized within a 
5 clathrin- coated vesicle and, subsequently, into an 
endosomal vesicle, termed an endosome, or receptosome 
(FitzGerald et al., Cell. 32, 607-617 (1983)). 

Within the endosome, the pH of. the vesicle is reduced 
by means of a proton pump associated with the endosomal 
10 membrane. The reduced pH effects an alteration in the 
conformation of the Ad capsid proteins, particularly the 
penton base protein, which results in disruption of the 
endosome. As a consequence of this disruption, the 
endocytic contents, including the Ad, are released into the 
15 cytoplasm, and the Ad is then translocated to the nucleus 
where it directs the synthesis of nascent nucleic acids 
(FitzGerald et al., Cell . 12, 607-617 (1983); Seth et al., 
Mnl. CPU Biol.. 4, 1528-1533 (1984); Seth et al., in: 
Virus Attachment a nd, Entry into Cells. Colwell et al., 
20 eds., (WA, D.C.: American Society for Microbiology, 1986) 
191-195; Seth et al., J- Virol. . Si, 650-655 (1984); Seth 
et al., .t Biol. Chem. ■ 251, 14350-14353 (1984); Seth et 
al., .t. Bj ol - Chem. . 260, 9598-9602 (1985); Seth et al., i_ 
Biol. Chem. . 260 . 14431-14434 (1985); Blumenthal et al., 
25 Biochemistry . 25, 2231-2237 (1986); Seth et al., J. Virol, , 
61, 883-888 (1987)). 

This ability of the Ad to easily enter cells has been 
seized upon as a means of transporting macromolecules into 
cells (Otero et al., Virology, 111, 75-80 (1987); 
30 FitzGerald et al., Cell . 12, 607-617.(1983); Seth et al., 
MoT, rell Biol. . 4, 1528-1533 (1984); Yoshimura, Cell 
si-runt. Funct. . Ifl, 391-404 (1985); Defer et al.,. L. 
Virol . . 64, 3661-3673 (1990); Rosenfeld et al., Science , 
252 . 431-434 (1991); Curiel et al., proc. Natl, Acad. Sci., 
35 M» 8850-8854 (1991); Rosenfeld et al., Cell, 61, 143-155 
(1992); Quantin et al., Prnc. Natl. Acad. Sci., 11, 2581- 
2584 (1992); Curiel et al., Sens Therapy. 1, 147-154 
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(1992)). For example, Ads are able to enhance the transfer 
of a variety of non-viral macromolecules such as dextrans 
(Otero et al., Virology . 160 . 75-80 (1987)), proteins 
(Carrasco, Virology , uii 623-629 (1981); Defer et al. f J*. 
5 Virol. , 64, 3661-3673 (1990); FitzGerald et al., Cell . 32/ 
607-617 (1983); Fernandez -Puentes et al., Cell . 20. 769-775 
(1980)), and plasmid DNA linked to ligands (Curiel et al., 
Hum, Gene Therapy, 3, 147-154 (1992); Cotten et al., PrPC, 
Natl. Acad. Sci. , 89, 6094-098 (1992)) to target cells both 

10 in vitro and in vivo . 

There are two means by which such transfer has been 
effected. First, the Ad has been employed to transfer non- 
viral macromolecules packaged within the Ad either in place 
of, or in addition to, normal Ad components (Berkner, K.L., 

15 BioTechniques . £, 606-629 (1988)). For example, the genome 
of the Ad has been modified to incorporate exogenous DNA. 
The recombinant Ad is then packaged to constitute an 
infectious virus capable of entering cells and transferring 
the exogenous DNA to the nucleus (Rosenfeld et al., 

20 Science . 252 . 431-434 (1991); Rosenfeld et al., Cell . 68. 
143-155 (1992); Quantin et al., Proc. Natl. Acad. Sci. . 89 . 
2581-2584 (1992); Berkner, K.L. , BioTechniques . 6., 606-629 
(1988)). Second, the Ad has been employed to mediate the 
transfer of non-viral macromolecules either linked to the 

25 surface of the Ad or, in a "bystander" process where the 
macromolecule is cointernalized, taken along as cargo in 
the Ad receptor -endosome complex (Otero et al., Virology, 
160 . 75-80 (1987); FitzGerald et al., Cell . 12, 607-617 
(1983); Seth et al., Mol. Cell Biol. . £, 1528-1533 (1984); 

30 Yoshimura, Cell Struct. Funct. . 1Q, 391-404 (1985) ; Otero 
et al., Virology . 160 . 75-80 (1987); Defer et al., 
Virol . . 64, 3661-3673 (1990)). 

The mechanism by with the Ad augments internalization 
of non-viral biologic materials is believed to be by 

35 increasing the permeability of the target cell plasma 
membrane (Otero et al., Virology . 160 . 75-80 (1987)) or, 
more likely, by cointernalization of the exogenous biologic 
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material as an "innocent bystander" when the Ad- receptor 
complexes cluster on the membrane and are internalized 
(FitzGerald et al. f Cell, 12, 607-617 (1983); Seth et al., 
Mnl. Cell Biol. . 4, 1528-1533 (1984); Yoshimura, Cell 
struct. Funct. . 12.. 391-404 (1985); Otero et al., Virplpgy , 
160 . 75-80 (1987); Defer et al., J. Virol., 64, 3661-3673 
(1990)). These processes are not Ad-specific, as similar 
phenomena have been observed with other non- enveloped 
viruses such as picornavirus ( Fernandez -Puentes et al., 
Cell . 20_, 769-775 (1980); Otero et al., Virology, 160, 75- 
80 (1987); Carrasco, Virology , 112, 623-629 (1981)), as 
well as enveloped viruses including paramyxovirus, 
rhabdovirus, poxvirus, and togavirus (Fernandez -Puentes et 
al., Cell . 22., 769-775 (1980); Otero et al., Virology., 160, 
15 75-80 (1987); Yamaizumi et al., Virology, 25., 216-221 
(1979); Carrasco et al., Virology. 117, 62-69 (1982)). 

Most of the research attention on virus -mediated 
cointernalization of macromolecules has been focused on 
^internalization of proteins, including toxins and various 
20 reporter proteins (Fernandez- Puentes et al., QglX, 22., 769- 
775 (1980); FitzGerald et al., Cell . 32, 607-617 (1983); 
Seth et al., m^i . rail Biol. . 4, 1528-1533 (1984); Otero et 
al., virology . 160 . 75-80 (1987); Defer et al., J. Virol. , 
64 , 3661-3673 (1990); Carrasco, Virology. Ill, 623-629 
25 (1981); Yamaizumi et al., Virology, £5., 216-221 (1979); 
Carrasco et al., virology . 112, 62-69 (1982)). The concept 
that cointernalization might be employed for Ad-mediated 
transfer of nucleic acids was suggested, but not evaluated, 
by Otero and Carrasco (Otero et al., Virology, 160, 75-80 
30 (1987)). In fact, the more recent approaches with respect 
to transfer of nucleic acids using adenovirus have centered 
on nucleic acid transfer by attachment of the nucleic acid 
to molecules capable of effecting its entry into the cell. 
For instance, in one approach, the nucleic acid is part of 
35 a polylysine- glycoprotein carrier complex capable of 
binding a particular cell surface receptor, or is complexed 
with a nonspecific ligand such as a charged polypeptide 
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(Rosenfeld et al., Science . 252 , 431-434 (1991); Curiel et 
al., Proc. Natl. Acad. Sci . , 88/ 8850-8854 (1991); 
Rosenfeld et al., Cell . 68, 143-155 (1992); Quantin et al., 
Proc. Natl, Acad. Sci. . 89* 2581-2584 (1992); Curiel et 
5 al.. Hum. Gene Therapy . 3, 147-154 (1992)); Cotten et al., 
Proc. Natl. Acad. Sci. . 8£, 6094-098 (1992); Cotten et al., 
J. Virology . 67, 3777-3785 (1993)). In a more recent 
approach, the nucleic acid is attached to the -outside of 
the adenoviral capsid by means of conjugation of the 

10 nucleic acid through a polylysine residue to the antibody 
to adenoviral capsid protein (Curiel et al., Human Gene 
Ther. . £, 147-154 (1992)). Thus, despite this early 
suggestion by Otero et al., researchers have clearly 
perceived a lack of feasibility of using adenovirus -driven 

15 RME for transfer of nucleic acid. Moreover, the prevailing 
approaches using adenovirus for transfer of nucleic acids 
are limited in that the specific receptor to the ligand 
employed (e.g., transferrin) must be present on the cell 
surface for transfection to be accomplished. Additionally, 

20 it was discovered recently that better transfection results 
are obtained when the DNA is not physically attached to any 
molecule upon introduction into the cell (Wolff et al., 
Science . 247 . 1465 (1990); Acsadi et al., Nature . 352 . 815 
(1991)). This finding underscores the restrictive nature 

25 of current approaches to adenoviral -mediated transfer of 
DNA to the cell, which require attachment of DNA for cell 
transfection. 

In an essential mimic of the approach of using an 
adenovirus as a vector, the nucleic acid to be transfected 

30 is ensheathed in a virion-like microenvironment. The 
encased nucleic acid may then be transferred via 
intracellular injection or, optimally, spontaneous fusion 
with the cellular membrane. (Nabel et al., Proc. Natl. 
Acad, Sci. . ££, 10759-10763 (1993); Nabel et al., Proc. 

35 Natl. Acad. Sci. . £0, 11307-11311 (1993)). The 
microenvironment may be comprised of liposomes or hollow 
vesicles synthesized using lipids and/or phospholipids 
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(Tikchonenko et al., Ceng, 63, 321-330 (1988); Hawley- 
Nelson et al., Focus . I5_, 73-79 (1993); Feigner et al., 
pras Ma 1 1 ^. Sci. . 84. 7413-7417 (1987); U.S. Patent 
5,264,618) . While such an approach is advantageous in that 
5 potentially greater amounts of nucleic acids can be 
transferred, disadvantages of the approach include failure 
of the liposome to fuse with the cell membrane and 
degradation of nucleic acids taken up by phagocytosis, and 
the inherent toxicity of intracellular injection, as well 
10 as the toxicity of ether bonds, which may accumulate in the 
cell as a consequence of liposome-mediated transf ection. 

Attempts have been made to enhance the ability of the 
liposomes to fuse with the membrane through subsequent 
infection with, for example, Sendai virus (Tomita et al., 
15 ^nrh^. Biot^ y* Comm.. 186, 129-34 (1992); Kato et 

al., -t R^lna. Chem. , 2£6, 3361-364 (1991); Yamaizumi et 
al., Virology, 25, 218-221 (1979)). However, studies 
supporting the increased cytotoxicity of exogenously 
supplied liposomes to cells transformed with adenovirus 
(Shimura et al., fannm- Research. 48, 578-583 (1988)), 
suggest against the combination of adenoviral -mediated 
nucleic acid transfer with liposome-mediated nucleic acid 
delivery. 

There remains a need, therefore, for a method of 
25 capitalizing on the inherent ability of adenovirus to 
effect transport of cargo macromolecules to the cell 
nucleus by means of RME in a method of transfection that 
can be . employed either is vitro or in viva, and which 
avoids the attendant problems of the previously described 
approaches. It is an object of the present invention to 
provide such a method of adenoviral -mediated cell 
transfection with nucleic acids, as well as to provide a 
means of enhancing this method through use of cationic 
agents. These and other objects and advantages of the 
present invention, as well as additional inventive 
features, will be apparent from the description of the 
invention provided herein. 



20 
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BRIEF SUMMARY OF THE INVENTION 
The present invention provides an adenoviral -mediated 
method of transf ection with nucleic acids which can be 
augmented through incubation of the nucleic acids with 
5 cationic agents. Specifically/ the present inventive 
method of introducing a nucleic acid into a eukaryotic cell 
comprises contacting the cell with, in any order or 
simultaneously, the nucleic acid and an adenovirus, wherein 
the nucleic acid is not bound to any molecule capable of 

10 effecting its entry into the cell. The cell is preferably 
additionally contacted with a cationic agent, such as a 
monocationic or polycationic liposome, such that the 
nucleic acid is not bound to any molecule capable of 
effecting its entry into the cell other than, optionally, 

15 the cationic agent. 

BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 is a graph of pRSVL amount (fig) versus 
lucif erase activity (RLU//ig cell lysate protein) for COS -7 
20 cells incubated with increasing amounts of pRSVL plasmid 
alone (O) or prior . to infection with Ad-CFTR (•) . 

Figure 2 is a graph of adenovirus amount (fig) versus 
lucif erase activity (RLU//ig cell lysate protein) for COS -7 
cells incubated with pRSVL and increasing amounts of Ad- 
25 CFTR (•), Ad-5 (□) or Ad-d2312 (O) . 

Figure 3 is a graph of amount of cationic liposomes 
(fig) versus luciferase activity (RLU//zg cell lysate 
protein) for COS -7 cells incubated with pRSVL and 
increasing amounts of cationic liposomes in the absence of 
30 (O) or prior to (•) infection with Ad-CFTR. 

Figure 4 is a graph of Ad-CFTR amount (fig) versus 
luciferase activity (RLU/mg cell lysate protein) for COS -7 
cells incubated with increasing amounts of Ad-CFTR at 4°C 
for 4 hours, after which the temperature was raised to 37 °C 
35 and the plasmid pRSVL was added. 
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Figure 5 is a graph of amount of protein added (/ig/ml) 
versus luciferase activity (% control)- for COS-7 cells 
incubated with Ad-CFTR and pRSVL in the presence of 
increasing amounts of fiber (•) or hexon (O) . 
5 Figure 6 is a graph of amount of Ad-CFTR virus 

particles bound (X 10 3 ) versus bound/free (X 10' 2 ) for COS-7 
(•) or HeLa (°) cells incubated with increasing 
concentrations of [ 35 S]Ad-CFTR for 2 hours at 4°C. 

Figure 7 is a graph of preincubation temperature of 

10 Ad-CFTR (°C) versus luciferase activity on the left 
ordinate (% control; •) and uptake of labeled Ad-CFTR on 
the right ordinate (% control; o) for COS-7 cells incubated 
with pRSVL prior to infection with heat-treated Ad-CFTR (•) 
or with heat-treated Ad-CFTR and labeled Ad-CFTR (o) . 

15 Figure 8 is a graph of antiserum dilution versus 

luciferase activity on the left ordinate (% control; •) and 
uptake of labeled Ad-CFTR on the right ordinate {% control; 
o) for COS-7 cells incubated with pRSVL prior to infection 
with Ad-CFTR that had been preincubated with the antiserum 

20 for 15 minutes at room temperature (•) or with Ad-CFTR that 
had been preincubated with the antiserum for 15 minutes at 
room temperature and with labeled Ad-CFTR (O) . 

Figure 9 is a graph of chloroquine concentration (/iM) 
versus luciferase activity on the left ordinate (% control; 

25 •) and uptake of labeled Ad-CFTR on the right ordinate (% 
control; o) for COS-7 cells exposed to pRSVL, the indicated 
concentrations of chloroquine and either Ad-CFTR (•) or Ad- 
CFTR mixed with labeled Ad-CFTR (O) . 

Figures 10 A-B illustrate the effect of UV radiation 

3 0 on adenoviral -mediated cointernalization of pRSVL: (A) 
autoradiogram of 35 S- labeled proteins from 293 cells 
infected with Ad-CFTR that had been UV- irradiated for the 
lengths of time indicated; (B) graph of length of UV- 
irradiation of Ad-CFTR (sec) versus luciferase activity 



WO 95/21259 



PCTYUS95/00924 



11 

(RLU/ihg cell lysate protein) for COS -7 cells incubated with 
pRSVL alone (o) or prior to infection with UV-irradiated 
Ad-CFTR (•) . 

Figure 11 is a graph of amount of empty capsids 
5 (fig /ml) versus lucif erase activity (RLU/mg cell lysate 
protein) for COS- 7 cells incubated with pRSVL and empty 
capsids of Ad-CFTR. 

Figure 12 is a bar chart showing j8-galactosidase 
activity (units/mg. cell lysate protein) for COS -7 cells 

10 incubated with pCMVjSgal alone (panel 1) or along with. 
Lipofectin® Reagent (panel 2), DOTAP (panel 3), polybrene 
(panel 4), Transfectam® Reagent • (panel 5) and 
LipofectAMINE™ (panel 6) in the absence (solid bars) and 
presence (hatched bars) of Ad-CFTR. 

15 Figure 13 A-D is a series of phase contrast 

micrographs (1000 x magnification) showing j8-galactosidase 
activity in COS -7 cells transfected with pCMVflgal and Ad- 
CFTR alone (A) or in conjunction with Lipofectin® Reagent 
(B) , polybrene (C) , or Transfectam® Reagent (D) . 

20 Figure 14 is a bar chart showing 0-galactosidase 

activity (units/mg cell lysate protein) for IB3-1 cells 
incubated with pCMV/Sgal alone (panel 1) or with liposomes 
' composed of the DOSPA:DOPE molar ratios corresponding to 
1.5:1 (panel 2), 1:1 (panel 3), 0.5:1 (panel 4), 0.25:1 

25 (panel 5), and 0.1:1 (panel 6) in the absence (solid bars) 
and presence (hatched bars) of Ad-CFTR. 

Figure 15 is a bar chart showing 0-galactosidase 
activity (units/mg cell lysate protein) for IB3-1 cells 
incubated with pCMV/Sgal alone (panel 1) or with the 

30 liposomes LipofectAMINE™ (panel 2), 143-8 (panel 3), 143-7 
(panel 4), 143-4 (panel 5), 76-7 (panel 6) , and 
LipofectACE™ (panel 7) in the absence (solid bars) and 
presence (hatched bars) of Ad-CFTR. 

Figure 16 is a bar chart showing j3-galactosidase 

35 activity (units/mg cell lysate protein) for IB3-1 cells 
incubated with pCMV/Sgal alone (panel 1) or along with 
vesicles of 100 nm (panel 2), 200 nm (panel 3), 400 nm 
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(panel 4), in size, or LipofectAMlNE™ (panel 5), or a 
mixture of the different size vesicles (panel 6) in the 
absence (solid bars) and presence (hatched bars) of Ad- 
CFTR. 

5 Figure 17 A-D is a series of graphs of time (minutes) 

versus relative fluorescence at 450 nm (in pixel 
intensities) for IB3-1 cells incubated with pCMVCFTR alone 
(A), plus either Ad. RSV/Sgal (B) , or. liposomes comprised of 
a 1:1 molar DOSPA:DOPE ratio (C) , or with the liposomes as 

10 well as the pCMVCFTR and Ad.RSVjSgal plasmids (D) for 24 
hours, followed by another 18 hours incubation with SPQ 
(portion of the graph labeled 'iodide'), followed by 
incubation in buffer in which NaCl was replaced with NaN0 3 
(portion of the graph labeled 'nitrate'), followed by 

15 incubation in buffer solution containing 20 /*M forskolin, 
200 fM cpt-cAMP, and 500 /iM IBMX (portion of the graph 
labeled 'cpt-cAMP + IBMX + FSK' ) . 

p'RTRTTi'RD DESCPTPTTON OF TWTi TTJVENTION 

20 The present invention relates to a method of 

transferring nucleic acids to eukaryotic cells, which is 
mediated by adenovirus, and which may be further augmented 
through incorporation of cationic agents in the 
transfection reaction. Transfection refers to the transfer 

25 of nucleic acids into a cell by any means. In the context 
of the present invention, a cationic agent is a substance 
which carries a positive charge that enables it to interact 
with anionic nucleic acids as well as, optimally, to 
spontaneously attach to negatively- charged cell surfaces. 

30 Cationic agents include monocationic liposomes, 
polycationic liposomes, polycarbenes , carbohydrates, 
polyamino acids, and other positively- charged species that 
may be capable of interacting with anionic nucleic acids, 
such as spermine and calcium phosphate. Accordingly, the 
35 present invention provides, among other things, a method of 
adenoviral -mediated transfection of nucleic acids, as well 
as augmentation of such transfection with cationic agents. 
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For ease of reference, the abbreviations used herein 
are as indicated in Table 1. 



Table 1. 

Abbreviations 



10 



15 



20 



25 



30 



35 



ATCC 
cDNA 
CF 

CFTR 
CS 

DDAB 
DMEM 

Dim 

DOGS 
DOPE 

DORI ETHER 

DORI ETHER 
Bromo 

DORI ETHER 
Propylamine 

DOSPA 

DOTAP 
DOTMA 

FBS 
FCS 
61 

HEPES 

kb 

kDa 

IBMX 

ID 

I MEM 

ONPG 

PBS 

PFU 

PNA 

RLU 

RME 



American Type Culture Collection 
complementary deoxyribonucleic acid 
cystic fibrosis 

cystic fibrosis transmembrane conductance regulator 
calf serum 

dioctadecyl ammonium bromide 

Dulbecco's modified Eagle medium 

deoxyribonucleic acid 

dioctadecylamidoglycylspermine 

dioleoylphosphatidyl ethanolamine 

1 , 2 -dioleyl -3 - dimethyl amino propyl -B -hydroxy - 
ethylammonium acetate 

N- {2 bromoethyl) -N,N- dimethyl -2, 3-bis (9- 
octadecenyloty) -1-propananinium bromide 

Propylamine N« [2- [ (3 - aminopropyl ) amino] ethyl] -N,N- 
dimethyl-2,3-bis (octdecenyloty) -1-propaninium 
dibromide 

2,3-dioleyloxy-N- [2 ( spermine carboxami do) ethyl] -N,N- 
dimethyl-l-propanaminiura trif luoroacetate 

(1,2 -bis (oleoyloxy) -3 (trimethylammonio) propane 

N- [1- (2,3-dioleyloxy)propyl] -N,N,N-trimethylammonium 
chloride 

fetal bovine serum 
fetal calf serum 
gastrointestinal 

N' -2-hydroxyethylpiperazine-JV' -2 -ethane sulfonic acid 

kilobase pairs 

kilodalton 

3 - isobutyl - 1 -methylxanthine 

inheritable disease 

improved modified Eagle medium 

o-nitrophenyl p-D-galactopyranoside 

phosphate buffered saline 

plague -forming units 

peptide nucleic acid 

relative light units 

receptor-mediated endocytosis 
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Table 1. 

Abbre vi at i one 



RNA ribonucleic acid 

SDS sodium dodecyl sulfate 

S PQ (6-methoxy-N- (3-sulf opropyl) guinolinium 

SV40 simian virus 40 

5 Tris tris (hydroxymethyl) aniinome thane 

x . gal s - bromo - 4 - chloro • 3 - indolyl - P - D - ga lactopyranoside , 

An Ad, unless specified otherwise, is of a human 

10 strain and comprises a complete adenoviral virus particle 
(i.e., a virion) consisting of a core of nucleic acid and 
a protein capsid. Preferred adenoviral vectors according 
to this invention include Ad5, Ad-CFTR and Ad-dI312. 

For the purpose of this invention, the adenovirus 

15 employed for nucleic acid transfer may be wild-type (i.e., 
replication competent) . However, it is not necessary that 
the genome of the employed adenovirus be intact. In fact, 
to prevent the virus from usurping host cell functions and 
ultimately destroying the cell, the adenovirus may be 

20 inactivated prior to its use, for example, by UV 
irradiation. Alternatively, the adenovirus may comprise 
genetic material with at least one modification therein, 
which may render the virus replication-deficient. 

The modification to the adenoviral genome may include, 

25 but is not limited to, addition of a DNA segment, 
rearrangement of a DNA segment, deletion of a DNA segment, 
replacement of a DNA segment, methylation of unmethylated 
DNA, demethylation of methylated DNA, and introduction of 
a DNA lesion. For the purpose of this invention, a DNA 

30 segment may be as small as one nucleotide and as large as 
36 kilobase pairs (Kb) (i.e., the size of the adenoviral 
genome) or, alternatively, may equal the maximum amount 
which can be packaged into an adenoviral virion (i.e., 
about 38 Kb) . 

35 Such modifications to the adenoviral genome may render 

the adenovirus replication- deficient. Alternatively, the 
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modification may alter the ability of the adenovirus to 
bind to its cell surface receptor, the ability of Ad 
internalized by RME to escape from the endosome by lysis of 
same, and the ability of RME to essentially reroute 
5 cointernalized nucleic acids from their fated path of 
intracellular processing (i.e., primarily phagocytic 
degradation) by allowing the transport of such cargo 
molecules to the nucleus. 

Moreover, in a preferred embodiment of the present 

10 invention, the Ad genome is not even present, and the 
adenovirus employed for nucleic acid transfer is not a 
complete virion, but comprises instead empty protein 
capsids. Alternatively, it may be possible to construct 
artificial capsids, by linking the amino- or carboxy- 

15 terminal sequences of proteins, peptides or glycoproteins 
to lipids. The resultant lipid moiety could then be 
incorporated into a liposome. Such techniques are known in 
the art, and in fact have been used to construct liposomes 
carrying influenza virus glycoproteins on their surface 

20 (Tikchonenko et al., Gene . 62, 321-330 (1988)). 

In another preferred embodiment, the present invention 
contemplates that the properties of the employed adenovirus 
(e.g., the cell binding, endosomal lysis , or intracellular 
targeting capabilities of the adenovirus) may be altered 

25 not by modification of the adenoviral genome per se, but by 
use of agents which, although they might in fact alter the 
genome, primarily act by altering certain properties of the 
. adenovirus. In preferred embodiments of the present 
invention, adenoviral properties may be altered by heat- 

30 treatment, or by exposure to either antiserum to the 
adenovirus, or chloroquine. Alternatively, the adenovirus 
may be inactivated by either short -wavelength or long- 
wavelength UV irradiation (i.e., radiation of viral samples 
with either UVA, UVB or UVC) , which may further be employed 

35 in conjunction with other agents which may synergize with 
UV irradiation in effecting viral inactivation, such as for 
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instance, DNA intercalators , including psoralens (e.g., 

8:-methoxypsoralen) . 

The nucleic acid being transferred may comprise DNA, 
RNA, or PNA which may be as small as one repeat unit (i.e., 
5 a nucleotide for DNA and RNA, and a 2-aminoethylglycine 
unit to which a base is attached for PNA) and as large as 
can reasonably be isolated or synthesized, or transferred 
to a host cell using the method of the present invention. 
The nucleic acid may constitute or encode sense or 

10 antisense sequences, including ribozymes, or catalytic RNA 
species such as described in the art (Hampel et al., 
^r-lgjr Acids Research , ift, 299-304 (1990); Cech et al., 
^, a i w. ttinchem.. 55, 599-629 (1986)), as well as 
engineered sequences, or sequences which are not normally 

15 present in vivo.. The nucleic acid may be linear, circular, 
or of any topology. RNA sequences may be unmodified, or 
may be modified to retard degradation. The invention 
further contemplates nucleic acids comprised of 
oligonucleotides (Ts'O et al., Annals NY Acad t Sci f , 5JZfi, 

20 220-241 (1987)). 

Nucleic acids can be either single- stranded, double- 
stranded, or triple-stranded, or a mixture of single-, 
double-, or triple- stranded regions, and may be comprised 
of more than one type (i.e., DNA, RNA, or PNA) of nucleic 

25 acid. Nucleic acids may contain lesions including but not 
limited to: a missing base or altered base (e.g., an 
alkylated base), a cyclobutyl dimer, strand breaks, and 
cross- linking of nucleic acid strands. 

The nucleic acid may be present in any type of vector 

30 appropriate for introduction of nucleic acids into 
eukaryotic cells, or may not be subcloned in any vector at 
all. For example, the following list of vectors which may 
be employed is by no means exhaustive: mammalian 
expression vectors, vectors in which the subcloned nucleic 
35 acid is under the control of its own cis- acting regulatory 
elements, and vectors which are designed to facilitate gene 
integration or gene replacement in host cells. 
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In the method of the present invention, the nucleic 
acid may be transferred to a eukaryotic host cell. This 
eukaryotic host cell may be present in vitro or in vivo . 
In a preferred embodiment of the present invention, in vivo 
5 transf ection of nucleic acids is contemplated. However, 
the method of the present invention also contemplates 
nucleic acid transfer in vitro . 

The method of the present invention can be effectively 
carried out using a wide variety of different cell types, 

10 albeit with differing levels of efficiency. The method can 
be employed in various cells differing both in number of 
adenovirus receptors as well as in the affinity of the cell 
surface receptors for adenovirus. Accordingly, the types 
of cells to which gene delivery is contemplated in vitro or 

15 in vivo in the context of the present invention include 
avian and fish cells, and mammalian cells including but not 
limited to rodent, ape, chimpanzee, feline, . canine, 
ungulate (such as ruminant or swine) , as well as human 
cells. Moreover, if nucleic acid transfer to a particular 

20 cell type is limited due, for instance, to a lack of 
receptors for adenovirus, transfer may be increased using 
methods employed, for example, to carry human adenovirus 
into blood cells. Namely, the virus can be coupled to a 
DNA- poly lysine complex containing a ligand (e.g., 

25 transferrin) for mammalian cells (Wagner et al. f Proc . 
Natl. Acad. Sci. . 89, 6099-6103 (1992)). 

Adenoviral -mediated transf ections and augmentation 
thereof with cationic agents can be carried out over a 
range of cell densities. However, the method is 

30 particularly appropriate for in vitro transf ections when 
cells are at used a density of about 10 5 to 10 6 cells/ml. 
Eukaryotic cells need not be exponentially growing at the 
time of transfection, and may even be terminally 
differentiated. 

35 In a preferred embodiment of the present invention, 

the method of nucleic acid transfer is accomplished by 
contacting the eukaryotic cell with the nucleic acid and an 
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adenovirus. In this method, the nucleic acid being 
transferred is not bound to any molecule capable of 
effecting its entry into the cell. Thus, this method 
differs over those previously described, wherein, for 
5 example, the nucleic acid is transferred to cells as a 
consequence of being attached to the outside of an 
adenoviral capsid (Curiel et al., Human Gene Ther., 3, 147- 
154 (1992)), or as a result of being part of a polylysine- 
glycoprotein carrier complex (Cotten et al., Proc . Natl , 

10 Acad, Sci. . 89, 6094-098 (1992); Curiel et al., Proc. Natl. 
Acad. Sci. , 88/ 8850-8854 (1991); Cotten et al., jLl. 
Virology, 67, 3777-3785 (1993)). However, the method does 
not preclude modifications to the nucleic acid which do not 
in and of themselves provide a means of transport for the 

15 nucleic acid into the cell, such as, for example, 
modifications to RNA or oligonucleotides which act to 
stabilize the resultant modified nucleic acid. 

In another preferred embodiment of the present 
invention, the method of nucleic acid transfer is 

20 accomplished by contacting the eukaryotic cell with the 
nucleic acid, an adenovirus, and a cationic agent. "While 
any suitable cationic agent may be utilized such • as a 
carbohydrate, a polyamino acid, and other cationic agents 
capable of interacting with anionic nucleic acids, the 

25 cationic agent is preferably comprised of a polycarbene, or 
a liposome, which is essentially a hollow vesicle comprised 
of one or more layers. 

In this preferred method of nucleic acid transfer, the 
nucleic acid being transferred is not bound to any molecule 

30 capable of effecting its entry into the cell, other than, 
optionally, the cationic agent. It is possible that 
spontaneous complexes of the cationic agent and the nucleic 
acid may form since the nucleic acid may be preincubated 
with the cationic agent; however, such complexes have not 

35 been described in the literature as being employed in 
conjunction with adenovirus as a means of transfecting 
nucleic acids. This is likely due to evidence of previous 
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studies supporting the increased cytotoxicity of 
exogenously supplied liposomes to cells transformed with 
adenovirus (Shimura et al., Cancer Research . ±8, 578-583 
(1988)), and thus suggesting the futility of the present 
5 preferred approach to cell transfection using adenoviral 
infection in combination with nucleic acids preincubated 
with cationic agents. Thus, this method of nucleic acid 
transfer, like the other preferred method of nucleic acid 
transfer not involving cationic agents, differs over 

10 previously described methods. 

Furthermore, it is even more preferable that the 
cationic agent employed in the method of the present 
invention is not bound to any molecule which in and of 
itself is capable of effecting the entry of substances into 

15 the cell. This would preclude use of cationic agents, such 
as those described in the literature, in which the cationic 
agent is complexed, for example, with a ligand for a cell 
surface receptor (e.g., Cotten et al. # Methods in Enzymol . . 
217 . 618-644 (1993)). However, these agents do not appear 

20 to have been employed in conjunction with adenoviral - 
mediated cell transfection. 

For these embodiments, the contacting of cells with 
the various components of the present invention may occur 
in any order, or may occur simultaneously. In a preferred 

25 embodiment, the nucleic acid and cationic agent may be 
mixed together and preincubated prior to contacting the 
cell. Preferably, the cell may be contacted with the 
adenovirus less than about 8 hours after, or less than 
about 8 hours before, the cell is contacted with the 

30 nucleic acid, or with the nucleic acid which has been 
preincubated with a cationic agent. Even more preferably, 
the cell may be contacted with the adenovirus more than 
about 2 hours after, or less than about 2 hours before the 
cell is contacted with the nucleic acid, or with the 

35 nucleic acid which has been preincubated with a cationic 
agent. In a further preferred embodiment of the invention, 
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adenovirus may be employed in an amount of about 10 to 
about 2000 placque forming units per cell to be contacted. 
Cells being contacted in the transfection method of 
the present invention are cultured in a reduced- serum 
5 medium for about 2 hours prior to transfection. Then 
plasmid (either in the presence or absence of cationic 
agents) or adenovirus is added to the cells. Following the 
appropriate length of time, either adenovirus or plasmid 
accompanied or not by cationic agents, i.e., whichever was 

10 not added previously, is applied to the incubation mixture, 
and the transfection is allowed to proceed for about 8 to 
50 hours. During that time, the cell culture medium may 
optimally be replaced with either DMEM or IMEM supplemented 
with either FCS or FBS. 

15 The contemplated uses of the present invention 

comprise use of technology traditionally employed for 
synthesis and use of cationic agents, as well as emerging 
technology. Accordingly, the nucleic acids may be 
preincubated with the cationic agents including liposomes 

20 under the appropriate conditions for appropriate lengths of 
time such as is known in the art and has been described in 
the literature (e.g., Tikchonenko et al., Gene, 63., 321-330 
(1988)). 

The cationic agent may be comprised of a polycarbene 
25 such as l, 5 -dimethyl -1, 5 -diazaundecamethylene 
polymethobromide, or polybrene. Alternatively, the 
cationic agent may be a liposome. The liposome may be 
comprised of one or a mixture of agents which are 
appropriate for liposome formation and are known in the 
30 . art, such as lipids, phospholipids, cholesterol, etc. 

Preferably, the liposome of the present invention is 
comprised of lipid. The lipid may be positively charged, 
negatively charged, or neutral. Neutral and negatively 
charged lipids include but are not limited to phospholipids 
35 or mono-, di-, or triacylglycerols . The positively charged 
lipid may be such as is included in a monocationic and 
polycationic liposome. 
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The cationic agent may be a monocationic liposome. 
Preferred monocationic liposomes include liposomes 
comprised of the lipids N- [1- (2, 3 -dioleyloxy) propyl] -N,N,N- 
trimethylammonium chloride (i.e., DOTMA, or Lipofectin® 
5 Reagent) , 1,2 -bis (oleoyloxy) -3- (trimethylammonio) propane 
(i.e., DOTAP) , and a 2:1 molar ratio of 1, 2-dioleyl-3- 
dimethylamino propyl -B- hydroxy- ethyl ammonium acetate (i.e. , 
DORI ETHER) and dioleoylphosphatidyl ethanolamine (i.e., 
DOPE), which together comprise the agent 143-7. Liposomes 

10 suitable for use in the present invention are described in 
U.S. Patent Application Serial No. 07/937,508, as well as 
U.S. Patent 5,264,618. 

The cationic agent may be a polycat ionic liposome. 
Preferred polycationic liposomes include liposomes 

15 comprised of dioctadecylamidoglycylspermine (DOGS; 
Transfectam® Reagent), a 1.5:1 molar ratio of the lipids 
2 , 3 -dioleyloxy-N- [2 ( spermine carboxami do) ethyl] -N,N- 
dimethyl-l-propanaminium trif luoroacetate (DOSPA) and DOPE 
(i.e. , LipofectAMINE™) , or a 1:1 DOSPA:DOPE molar ratio. 

20 The liposomes of the present invention may be used 

alone, or in combination with liposomes comprised of other 
cationic lipids. Liposomes comprised of lipids having 
metabolizable ester bonds are preferred for In vivo use. 

The cationic agent of the present invention may also 

25 be comprised of a carbohydrate, including but not limited 
to DEAE-dextran, and a polyamino acid, including but not 
limited to poly-L-ornithine. Additionally, the cationic 
agent may be comprised of other positively- charged species 
that may be capable of interacting with anionic nucleic 

30 acids, such as spermine and calcium phosphate. These 
cationic agents may be used alone, or in combination with 
other agents, particularly other cationic agents. The 
cationic agents may be used as is known and described in 
the prior art (e.g., Tikchonenko et al. # Gene, £3, 321-330 

35 (1988); U.S. Patent 5,264,618; Sambrook et al. (eds.), 
Molecular Cloning : A Laboratory Manual . (NY: Cold Spring 
Harbor Laboratory Press, 1989). 
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The compositions of the present invention (i.e., 
compositions comprising a nucleic acid, an adenovirus, and, 
preferably, a cationic agent) may be made into 
pharmaceutical compositions with appropriate 
5 pharmaceutical^ acceptable carriers or diluents, and where 
appropriate, may be formulated into preparations in solid, 
semi- solid, liquid or gaseous forms such as tablets, 
capsules, powders, granules, ointments, solutions, 
suppositories, injections, inhalants, and aerosols, in the 
10 usual ways for their respective route of administration. 
Means known in the art can be utilized to prevent release 
and absorption of the composition until it reaches the 
target organ or to ensure timed- release of the composition. 
A pharmaceutical^ acceptable form should be employed which 
15 does not ineffectuate the compositions of the present 
invention. In pharmaceutical dosage forms, the 

compositions may be used alone or in appropriate 
association, as well as in combination with, other 
pharmaceutical^ active compounds. For example, in 
20 applying the method of the present invention for delivery 
of a nucleic acid encoding CFTR to cells lacking same, such 
delivery may be employed in conjunction with other means of 
treatment of CFTR deficiency, such as, for example, 
treatment with domase alfa (or Pulmozyme) , a recombinant 
25 human DNase that liquefies the thick mucous in the lungs of 
CF patients. 

Accordingly, the pharmaceutical compositions of the 
present invention can be delivered via various routes and 
to various sites in an animal body to achieve a particular 

30 effect. Local or systemic delivery can be accomplished by 
administration comprising application or instillation of 
the formulation into body cavities, inhalation or 
insufflation of an aerosol, or by parenteral introduction, 
comprising intramuscular, intravenous, peritoneal, 

35 subcutaneous, intradermal, as well as topical 
administration. 
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The composition of the present invention can be 
provided in unit dosage 'form wherein each dosage unit, 
e.g., a teaspoonful, tablet, solution, or suppository, 
contains a predetermined amount of the composition, alone 
5 or in appropriate combination with other active agents. 
.The term "unit dosage form" as used herein refers to 
physically discrete units suitable as unitary dosages for 
human and animal subjects, each unit containing a 
predetermined quantity of the composition of the present 

10 invention, alone or in combination with other active 
agents, calculated in an amount sufficient to produce the 
desired effect, in association with a pharmaceutically 
acceptable diluent, carrier, or vehicle, where appropriate. 
The specifications for the novel unit dosage forms of the 

15 present invention depend on the particular effect to be 
achieved and the particular pharmacodynamics associated 
with the pharmaceutical composition in the particular host. 

Accordingly, the present invention also provides a 
method of transferring nucleic acids to a host, which 

20 comprises administering the composition of the present 
invention using any of. the aforementioned routes of 
administration or alternative routes known to those skilled 
in the art and appropriate for a particular application. 
The "effective amount" of the composition is such as to 

25 produce the desired effect in a host which can be monitored 
using several end-points known to those skilled in the art. 
For example, one desired effect might comprise effective 
nucleic acid transfer to a host cell. Such transfer could 
be monitored in terms of a therapeutic effect (e.g. 

30 alleviation of some symptom associated with the ID being 
treated) , or by further evidence of the transferred gene or 
expression of the gene within the host (e.g., using the 
polymerase chain reaction, Northern or Southern 
hybridizations, or transcription assays to detect the 

35 nucleic acid in host cells, or using immunoblot analysis, 
antibody-mediated detection, or particularized assays to 
detect protein or polypeptide encoded by the transferred 
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nucleic acid, or impacted in level or function due to such 
transfer) . Three such particularized assays described in 
the Examples which follow include the assay for expression 
of the /3-galactosidase or lucif erase reporter genes, and 
5 the assay for cAMP- stimulated CI" efflux in certain cells. 

These methods described are by no means all-inclusive, 
and further methods to suit the specific application will 
be apparent to the ordinary skilled artisan. Moreover, the 
effective amount of the compositions can be further 
10 approximated through analogy to compounds known to exert 
the desired effect (e.g., Pulmozyme treatment of a fibrotic 
patient might provide some guidance in terms of the amount 
of a CFTR nucleic acid to be administered to a host) . 

Furthermore, the amounts of each active agent included 
15 in the compositions employed in the examples described 
herein (i.e., per each cell to be contacted, about 10 to 
2000 adenoviral PFU, and more preferably, about 10 to 1000 
adenoviral PFU; and about 0.1 to 20 /ig per million cells to 
be contacted) provide general guidance of the range of each 
20 component to be utilized by the practitioner upon 
. optimizing the method of the present invention for practice 
either in vitro or in vivo . Moreover, such ranges by no 
means preclude use of a higher or lower amount of a 
component, as might be warranted in a particular 
25 application. For example, the actual dose and schedule may 
vary depending on whether the compositions are administered 
in combination with other pharmaceutical compositions, or 
depending on interindividual differences in 
pharmacokinetics, drug disposition, and metabolism. 
30 Similarly, amounts may vary in in vitro applications 
depending on the particular cell line utilized (e.g., based 
on the number of adenoviral receptors present on the cell 
surface, or the ability of the particular plasmid employed 
for nucleic acid transfer to replicate in that cell line) 
35 or the type of cationic agent employed. Furthermore, the 
amount of nucleic acid to be added per cell will likely 
vary with the length and stability of the nucleic acid, as 
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well as also the nature of the sequence, and is 
particularly a parameter which needs to" be determined 
empirically, and may be altered due to factors not inherent 
to the method of the present invention (e.g., the cost 
5 associated with synthesis, for instance) . One skilled in 
the art can easily make any necessary adjustments in 
accordance with the necessities of the particular 
situation. 

10 The following examples further illustrate the present 

invention but, of course, should not be construed as in any 
way limiting its scope. 

EXAMPLE 1: Adenoviral Mediated Augmentation of Cell 

15 Transfection with pRSVL 

This Example confirms that exposure of target cells to 
an Ad and an unlinked. and unmodified plasmid vector results 
in the enhancement of the expression of a reporter gene 
contained within the plasmid as compared with exposure of 

20 the cells to the plasmid alone. 

The cell cultures described herein were employed in 
most of the Examples which follow. The Ad Type 5 (i.e., 
Ad5) -transformed human embryonic kidney cell line 293 
(American Type Culture Collection (ATCC) , CRL 1573) (Graham 

25 et al., J. Gen, Virol. . 36, 59-72 (1977)) and the human 
cervical carcinoma cell line HeLa (ATCC CL2) were grown in 
improved modified Eagle medium (IMEM) containing 10% fetal 
bovine serum (FBS) , 2 irtM glutamine, 50 units/ml penicillin, 
and 50 ftg/ml streptomycin (all from Biofluids, Rockville, 

30 MD) . COS- 7 (ATCC CRL 1561) , is a derivative of the African 
green monkey kidney cell line CV-1 (ATCC CRL70) transformed 
with a mutant of simian virus 40 (SV40) . COS-7 and CV-1 
cells were maintained in either Dulbecco's modified Eagle 
medium (DMEM; BioWhittaker, Inc., Walkersville, MD) 

35 supplemented with 10% FBS, 2 mM glutamate, 100 units/ml 
penicillin, and 100 /tg/ml streptomycin, or in IMEM 
supplemented with 10% calf serum (CS) , 50 units/ml 
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penicillin, and 50 ftg/ml streptomycin (all from Biofluids) . 
Cultures were incubated at 37°C in 10% C0 2 , unless 
maintained in an appropriate cell culture medium (i.e., 
buffered sodium bicarbonate -free medium) in the absence of 
5 a C0 2 - enriched environment, as specified, or unless cultured 
in DMEM, for which incubation was in 5% C0 2 . 

The adenoviral vectors employed in these experiments 
include the replication- deficient recombinant adenoviruses: 
Ad-CFTR, an Ad5- derived vector that possesses a deletion 
10 which encompasses all of the Ela region and part of the Elb 
and E3 regions, and contains a subcloned 4.5-kilobase human 
cystic fibrosis transmembrane conductance regulator (CFTR) 
cDNA driven by the Ad2 major later promoter (Rosenfeld et 
al., Cell . ££, 143-155 (1992)); and the Ela deletion virus 
15 Ad-d2312 (Jones et al.. Cell, 17, 683-689 (1979)). The 
replication- competent Ad employed in these Examples was 
wild- type Ad5, which was obtained from H. Ginsberg of the 
Department of Microbiology, Columbia University. All 
viruses were propagated in 293 cells, recovered 36 hours 
20 after infection by 5 cycles of freezing/thawing, purified 
by CsCl density centrifugation (Graham et al., Virology . 
£2, 456-467 (1977)), dialyzed, and stored in virus dialysis 
buffer (10 mM Tris-HCl, pH 7.4, 1 mM MgCl 2 , 10% glycerol) 
at -70°C prior to use. Titers of the viral stocks were 
25 determined by plaque assay using 293 cells (Berkner, K.L., 
Pi oTPr.hniaues . £, 606-629 (1988); Graham et al., Virology, 
5_2_, 456-467. (1977)). The plasmid vector pRSVL employed in 
^internalization studies contains the Rous sarcoma virus 
long terminal repeat as a promoter driving expression of a 
30 reporter gene comprised of the firefly lucif erase cDNA (de 
Wet et al., MoT , £ell Biol. . 2, 725-37 (1987)). 

For transfection of COS-7, HeLa, and CV-1 cells with 
pRSVL, exponentially growing cells were first detached 
using trypsin, and then seeded at a density of 1-2 x 10 s 
35 cells in 10-cm diameter plates or, alternatively, a density 
of 0.5 x 10 6 cells in 60 -mm diameter plates. After 20 
hours, cells were washed once with a reduced serum medium 
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(OPTI-MEM® I reduced serum medium; GIBCO/BRL, Grand Island, 
NY) , and were maintained in the OPTI-MEM® I medium for 2 
hours until transf ection. Unmodified pRSVL plasmid 
(typically 5 /xg unless expressed otherwise) diluted in 
5 0.1 ml of OPTI-MEM® I was then added directly to the 
cultured cells. After 0-30 minutes, either Ad-CFTR, 
Ad-d2312, or Ad5 (the amounts are stated with each 
experiment) was added to the plates and mixed in the cell 
culture medium by. gentle rocking. The cultures were 

10 incubated for 24 hours. The medium was then aspirated and 
changed to DMEM supplemented with 10% FBS, or IMEM 
containing 10% fetal calf serum (FCS; Hyclone, Logan, UT) ) , 
and the cells were incubated for another 24 hours. The 
cells were then scraped from the plates, washed twice with 

15 phosphate -buffered saline, pH 7.4 (PBS; BioWhittaker, 
Inc.), and evaluated for the amount of lucif erase activity. 

Luciferase activity in cultured cells was quantitated 
using standard methods (de Wet et al., Mol. Cell Biol. . 2, 
725-37 (1987)). After 48 hours incubation of cells with 

20 pRSVL (alone or in combination with Ad and/or liposomes), 
the cells were detached from the plates with trypsin, 
briefly pelleted, and washed twice with PBS. The cells 
were then resuspended in 150-200 /-tl of lysis buffer (100 mM 
potassium phosphate, pH 7.8 and 1 mM dithiothreitol (Sigma, 

25 St. Louis, Mo.), and lysed by 3 cycles of freezing and 
thawing. Cell lysates were obtained by centrifugation of 
the suspension at 15,000 x g for. 5 minutes at 4°C. 
Luciferase activity was assayed in a reaction incorporating 
100 /xl of cell lysate supernatant, 5 mM ATP (Pharmacia, 

30 Uppsala, Sweden) 15 mM MgCl 2 , and 1 mM D- lucif erin 
potassium, and using a Monolight 2010 luminometer 
(Analytical Luminescence Laboratories, San Diego, CA) . The 
total protein concentration of the target cells was 
measured by the method of Bradford using a kit according to 

35 the recommendations of the manufacturer (Bradford, Anal . 
Biochem. . 72, 248-254 (1975) ; Bio-Rad, Richmond, CA) , and 
using bovine serum albumin as the standard. Luciferase 
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activity was expressed as relative light units (RLU) per 
unit (either j*g or mg) of cell lysate protein after 
subtracting background (de Wet et al., MoT . Cell Biol- / 2, 
725-37 (1987)). 

5 in the present Example, cultures of COS -7 cells were 

exposed- to amounts of pRSVL ranging from about 0-15 /ig, 
either alone, or prior to infection with Ad-CFTR (200 
plaque -forming units (PFU)/cell). Lucif erase activity was 
monitored 48 hours later, and the average and standard 
10 error of the mean were calculated based on triplicate 

determinations . 

As presented in Figure 1, lucif erase activity was 
observed at low levels in COS -7 cells after addition of 
pRSVL alone and increased about six- fold with increasing 
15 amounts of the plasmid. In contrast, COS -7 cells infected 
with Ad-CFTR following the addition of pRSVL demonstrated 
a substantial increase in luciferase activity. While pRSVL 
alone yielded a maximum of less than 15 RLU//tg of cell 
lysate protein, the addition of Ad-CFTR resulted in RLU//xg 
20 cell lysate protein values ranging from 10 4 (using 0.1 fig 
of pRSVL) to 10 s (using 15 /*g of pRSVL) . This translates 
to a I0 4 -fold increase over the addition of the plasmid 
alone. Moreover, the results confirm that the adenovirus 
infection itself did not induce luciferase expression by 
25 the cells, since COS -7 cells infected with Ad-CFTR alone 
(in the absence of pRSVL) showed no luciferase activity. 

The data in this Example validate that this strategy 
can be employed as a highly efficient method for 
transferring unmodified plasmid DNA into cultured cells in 
30 vitro . The present study, consistent with a number of 
studies with Ad-mediated cointernalization of proteins and 
carbohydrates (Fernandez- Puentes et al., fisll. 20, 769-775 
(1980); FitzGerald et al.. Cell, 12, 607-617 (1983); Seth 
et al., Mm. Cell Biol. . 4, 1528-1533 (1984); Yoshimura, 
35 r^n struct. Funet. . 10, 391-404 (1985); Otero et al., 
virology . 160 . 75-80 (1987); Defer et al., J. Virol. , 64, 
3661-3673 (1990); Carrasco, Virology . Ill, 623-629 (1981); 



"WO 95/21259 



PCT/US95/00924 



29 

Yamaizumi et al., Virology , £5, 216-221 (1979); Carrasco et 
al., Virology . 117 , 62-69 (1982) ), demonstrates that 
plasmids, like other macromolecules, need not be coupled to 
the adenovirus or any other molecule for efficient 
5 cointernalization by Ad into target cells. Furthermore, 
the adenoviral -mediated augmentation of transfer and 
expression of plasmid- encoded DNA is dependent on the 
amount of the plasmid administered,, with more transfection 
observed in accordance with greater amounts of plasmid 
10 administered. 

EXAMPLE 2: The Adenoviral -Mediated Augmentation of Cell 
Transfection with pRSVL is Not Dependent on Use of a 
Particular Recipie nt Strain 
15 To determine whether Ad-mediated augmentation of 

transfection is a phenomenon specific to COS- 7 cells or, 
more particularly, the SV40 components such as the SV40 
large tumor antigen present within COS- 7 cells, the cell 
lines HeLa and CV-1 (which do not produce SV40 components) 
20 were evaluated in parallel with COS -7 cells as set forth in 
. Example 1. Transf ections of each cell type were done in 
triplicate, and cells were infected with 200 PFU of Ad- 
CFTR/cell. After incubation, lucif erase activity was 
measured in the cell lysate, corrected for total protein, 
25 and the mean of the triplicate samples for each condition 
was calculated. The -fold enhancement was calculated by 
dividing the mean of each condition by the mean of 
triplicates receiving pRSVL alone. 

The results of these experiments presented in Table 2 
30 (i.e., the first column) confirm the ability of Ad-CFTR to 
enhance lucif erase activity in all three cell lines. The 
enhancement among the different cell types was in the range 
of 150- to 2000- fold, with CV-1 cells demonstrating the 
least enhancement, and COS -7 cells, the most. 

35 ; ; ; 

Table 2. 

Comparison of adenovirus -mediated enhancement of luciferase 
activity among CQS-7, HeLa and CV-1 cells transf ected with pRSVL 
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Cell Line 


Ad-CFTR 


alone 


Enhancement of 


luciferase activity 


Cat ionic 
liposomes alone 


Ad-CFTR plus 
cationic liposomes 


COS -7 


2.1 x 


!0 3 


1.5 x 10 4 


1.1 x 10 5 


HeLa 


1.8' x 


10 3 


2.0 x 10 5 


1.2 x 10 6 


CV-1 * 


1.4 x 


10 2 


4.5 x 10 1 


9.3 x 10 3 



These results confirm that Ad-mediated augmentation of 
10 cell transfection can be obtained using different types of 
eukaryotic cells. It cannot be discerned from these data 
whether the greater degree of augmentation in • SV40- 
transformed COS-7 cells as compared with CV-1 cells is due 
to an interaction of the adenovirus with the SV40 component 
15 of the COS-7 cells. However, since HeLa cells (which, like 
CV-1 cells, do not produce SV40 components) show similar to 
greater enhancement as compared with the COS-7 cells, these 
results confirm that the adenoviral -mediated enhancement of 
cell transfection is not dependent on an interaction 
20 specific to SV40- transformed cells, and can be observed in 
other eukaryotic cells. 

pyRMPLE 3: The R^enov^ ral -Medi at-pfl Augmentation of Cell 
Trangfeetjon, wjth nRSVL is wnt. Dependent on the Use of a 
25 P^rt-irular adenoviral Vector 

To determine whether Ad-mediated augmentation of 
transfection is a phenomenon specific to the Ad-CFTR 
vector, the Ad5 and Ad-dl312 vectors were evaluated in 
parallel with Ad-CFTR as set forth in Example 1. 
30 Transfections of COS-7 cells were done in triplicate, and 
the average and standard error of the mean were based on 
these triplicate determinations. 

The results presented in Figure 2 confirm that the 
augmentation of expression of the luciferase gene is not 
35 specific to Ad-CFTR, and is not mediated by the exogenous 
cystic fibrosis transmembrane conductance regulator (CFTR) 
cDNA contained in Ad-CFTR, since augmentation was observed 
with other adenoviruses not incorporating the CFTR cDNA, 
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including the Ela deletion mutant Ad-dl312, and wild- type 
Ad5. 

To investigate a dose -response relationship between 
the amount of Ad administered and lucif erase activity, 0- 
5 2000 PFU/cell of Ad-CFTR, Ad-dI312, or Ad5 were added to 
the COS -7 cells exposed to 15 fig of pRSVL. For all three 
adenoviral vectors, the augmentation of the expression of 
the plasmid vector- encoded lucif erase reporter gene in COS- 
7 cells was observed in a dose- dependent fashion. When no 

10 Ad was added, the COS- 7 cells exhibited base-line 
luciferase activity (i.e., as demonstrated by the line 
labelled pRSVL plasmid 'Alone' in Figure 1) . However, when 
increasing amounts of Ad ranging from 20 to 200 PFU/cell 
were added, luciferase activity increased correspondingly. 

15 COS- 7 cells infected with 2000 PFU/cell of each Ad 
demonstrated luciferase activity that was 10 4 -fold higher 
than when no Ad was added, regardless of which Ad was used 
in the study. 

These results validate that Ad-mediated augmentation 
20 of cell transfection can be obtained using different types 
of Ad, and more particularly, using either replication- 
deficient or -competent adenoviruses. Since a similar 
level of enhancement of transfer and expression of the 
foreign gene in the plasmid can be achieved with a 
25. replication-deficient recombinant Ad as with wild- type Ad, 
a replication- deficient recombinant Ad can be employed 
instead of wild- type Ad, thus eliminating harmful adverse 
effects of infection with wild- type Ad, such as cell death. 
Moreover, the effect of the Ad augmenting transfer and 
30 expression of the gene within plasmid DNA is dependent on 
the amount of Ad administered. 

EXAMPLE 4: Adenoviral -Mediated Augmentation of Cell 
Transfection with pRSVL can be Further Increased when 
35 Cells are Exposed to pRSVL Preincubated with Cationic 

Liposomes 
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To enable a comparison of the efficiency of Ad- 
mediated augmentation of cell transfection with 
transfection effected by a known transfection reagent, 
expression of the luciferase reporter gene in COS- 7 cells 
5 exposed to the pRSVL plasmid together with cationic 
liposomes was evaluated along with cells exposed to pRSVL 
plus cationic liposomes followed by Ad-CFTR infection (200 
PFU/cell) . 

The cationic liposomes employed in this Example were 

10 obtained using Lipofectin® Reagent (Bethesda Research 
Laboratories) , which comprises positively charged N- [1- 
(2,3-dioleyloxy)propyl] -N,N,N-trimethylammonium chloride 
(DOTMA) liposomes. It has been previously demonstrated 
(Feigner et al., p-rnr. Natl. Acad. Sci., M. 7413-7417 

15 (1987)) and is presented in Figure 3 that exposure of cells 
(such as the COS-7 cells employed in this Example) to 
cationic liposomes mixed with a plasmid (in this case, 
pRSVL) augments transfection of COS-7 cells in a dose- 
dependent fashion. For these experiments, amounts of 

20 liposomes ranging from 0-100 jig were mixed with 15 /tg of 
pRSVL in a total volume of 100 /tl according to the liposome 
manufacturer's protocol, and the resultant liposome-DNA 
complexes were added to COS-7 cells. Cells were evaluated 
for lucif erase activity after 48 hours of transfection in 

25 the absence or presence of infection with 200 PFU/cell of 
Ad-CFTR, and the average and standard error of the mean 
were calculated based on triplicate determinations. 

As presented in Figure 3, increasing amounts of 
liposomes added to the cells along with a fixed amount of 

30 pRSVL resulted in an increase in luciferase activity in 
COS-7 cells from a basal level (corresponding to the 
addition of no liposomes), to a level of 10 4 RLU//xg cell 
lysate protein (corresponding to the addition of 50 or 100 
M g of cationic liposomes) '. Cells incubated with liposomes 
35 alone did not demonstrate luciferase activity (data not 
shown) . 
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The level of luciferase activity obtained upon 
transf ection with pRSVL preincubated with 50 fig of 
liposomes (e.g., Figure 3 and Table 2, last two columns) 
was similar to the level of luciferase activity obtained by 
5 Ad-CFTR infection plus pRSVL (e.g., Figure 2). However, 
when Ad-CFTR infection was employed subsequent to exposure 
of the cells to the liposomes plus DNA, an even greater 
enhancement of reporter gene expression was obtained than 
upon exposure of the cells to pRSVL with either liposomes 

10 or Ad-CFTR alone, as presented in Figure 3 and Table 2 
(last two columns) . This synergistic augmentation ranged 
from 4- to 100- fold (depending oh the amount of liposomes 
added), and demonstrated dose- responsiveness, with 
increasing luciferase activity obtained with use of 

15 increasing amounts of cationic liposomes. 

The synergistic augmentation of adenoviral -mediated 
cell transfection when plasmid DNA is preincubated with 
cationic liposomes is observed not only in COS -7 cells, but 
is obtained in HeLa and CV-l cells as well. For these 

20 experiments, COS -7, HeLa, and CV-l cells evaluated in 
parallel were trans fected with 15 fig of pRSVL in the 
presence or absence of liposomes (50 fig) and Ad-CFTR (200 
PFU/cell) . Transf ections were done in triplicate for each 
condition. As presented in Table 2, the synergistic 

25 enhancement observed for the three cell types ranged from 
10 4 - to 10 6 -fold, with HeLa cells demonstrating the greatest 
enhancement, and CV-l cells, the least. 

This Example confirms that the efficiency of the Ad- 
mediated augmentation of cell transfection with an 

30 unmodified plasmid vector is comparable with that obtained 
by transfection with liposome-DNA complexes. 
Further, the results confirm that the two phenomena can act 
synergistically to enhance transfer and expression of a 
reporter gene contained within the plasmid. 

35 

EXAMPLE 5: Adenoviral -Mediated Augmentation of Cell 
Transfection with pRSVL Requires RME in the Target Cell 
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In this Example, the ability of Ad-CFTR to augment 
cell transfection subsequent to binding of Ad-CFTR to the 
cell surface was investigated. 

COS -7 cells were incubated with different 
5 concentrations of Ad-CFTR at 4°C for 4 h to prevent RME. 
Since this incubation was done under atmospheric 
conditions, cells were incubated in sodium bicarbonate- free 
IMEM containing 20 mM N' -2-hydroxyethylpiperazine-W -2- 
ethanesulfonic acid (HEPES, pH 7.5,; Sigma), which medium 

10 does not require exogenous C0 2 as a means of controlling pH. 
At the end of the incubation, unbound virus particles were 
washed from the monolayers with Opti-MEM® I. The culture 
temperature was then raised to 37°C, and plasmid pRSVL (5 
M g) was added to the cell culture. After 48 hours, 

15 luciferase activity in the cell lysate was determined as 
described in Example 1. The average and standard error of 
the mean were calculated based on triplicate 

determinations . 

The ability of Ad-CFTR bound to a cell surface 
20 receptor to mediate the increase in the expression of pRSVL 
in COS- 7 cells is presented in Figure 4. In the absence of 
Ad-CFTR, cells exposed to plasmid pRSVL alone exhibited low 
levels of luciferase activity (2.5 x 10 2 RLU/mg of protein) . 
Increasing the concentration of Ad-CFTR resulted in a 

25 corresponding increase in the expression of the plasmid, 
with the highest concentration of Ad-CFTR (15 /xg/ml) 
yielding 8 x 10 6 RLU/mg of protein, which constitutes a 
3 x I0 4 -fold increase in luciferase activity compared with 
addition of the plasmid alone. 

30 This study confirms that the process of replication- 

deficient adenovirus -mediated enhancement of plasmid DNA 
transfer and subsequent expression in cells requires RME in 
the target cell. When the replication-deficient vector was 
bound to the cell surface and the excess virus particles 

35 were washed away, the vector was still able to transfect 
DNA into the cells. This most likely could take place only 
if the virus particles were tightly bound to the cell 
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surface (presumably to the virus receptor) , and both the 
vector and plasmid DNA were subsequently cointernalized. 

EXAMPLE 6: Adenoviral -Mediated Augmentat ion of Cell 
5 Transfection with pRSVL is Effected through Interaction 
. With the Adenoviral Receptor, and. More Par ticularly, 

With the Ad Fiber 
In this experiment, the specific role of the 
adenovirus receptor, in the cointernalization process was 
10 further clarified by evaluating the ability of Ad5 fiber 
protein to block the Ad- CFTR -dependent increase in pRSVL 
expression* 

Adenovirus proteins were purified by isolating from 
the Ad5 genome through use of the polymerase chain reaction 

15 a cDNA clone of the Ad5 gene encoding the fiber protein. 
The fiber protein cDNA was subcloned into a pMAL vector 
(New England Biolabs, Beverly, MA), allowing the fiber 
protein to be expressed as a fusion protein and purified by 
affinity chromatography, as specified by the manufacturer. 

20 Additionally, fiber and hexon were purified from Ad-CFTR- 
inf ected 293 cells as previously described (Boulanger et 
al., Eur, J. Biochem. . 3J3, 37-42 (1973) ), except that DEAE- 
Bio-Gel (Bio-Rad) was used for the ion-exchange 
chromatography step, and the proteins were further purified 

25 through an additional affinity chromatography step using 
antiserum directed against Ad -CFTR bound to an Affi-Gel-Hz 
column (Bio-Rad) . The Ad- CFTR antiserum was produced in 
rabbits as previously described for Ad2 (Seth et al., Mol . 
Cell, Biol. . 4, 1528-1533 (1984)). Fiber was eluted from 

30 the column with 4 M sodium thiocyanate (Sigma) • 

COS -7 cells were exposed to Ad- CFTR (10 PFU/cell) and 
plasmid pRSVL (5 fig) in the presence of increasing 
concentrations of either fiber or hexon for 24 hours, 
following which lucif erase activity was determined. The 

35 value for RLU/mg of cell lysate protein in control cells 
which were not exposed to fiber or hexon was considered to 
represent 100% activity, and the luciferase activity 
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observed in the presence of fiber or hexon was calculated 
relative to this control value. The average and standard 
error of the mean were calculated based on triplicate 
determinations . 

5 As presented in Figure 5, COS -7 cells exposed to Ad- 

CFTR and pRSVL in the presence of different concentrations 
of fiber purified from Ad- CFTR- infected 293 cells exhibited 
a dose -dependent inhibition of the. ability of Ad- CFTR to 
increase the expression of the plasmid. For example, 

10 addition of 0.1 ng/mL of pure fiber resulted in greater 
than 90% inhibition of Ad- CFTR -mediated pRSVL expression. 
Similar results were obtained for fiber purified using the 
expression vector pMAL (data not shown). Additionally, 
fiber was also able to prevent labeled Ad- CFTR from binding 

15 to the cell surface at 4°C (data not shown). The 
specificity of the inhibitory effects of fiber was 
confirmed by adding increasing amounts of the adenovirus 
hexon protein. Whereas adenovirus fiber was able to 
compete with the transf ection- enhancing effects of the 

20 vector, hexon failed to exhibit such inhibitory effects. 

These results indicate that binding of the vector to 
the cell receptor through the fiber protein is critical for 
the vector-mediated internalization process, and supports 
that the process of adenoviral -mediated enhancement of DNA 

25 transfer to target cells requires RME in the target cell. 

KvaMPLE 7- Rrfpnovdra:! -Medi a t-prt Auompntation of Cell 
TransfprtioTi with pRSVT, is Deppnrient on f he Adenoviral 
pppp pf nr and Correlate s wi t-h the Number of Receptors 
30 Present on a Part icular Cell Type 

In this experiment, the specific role of the 
adenovirus receptor in the ^internalization process was 
further clarified by correlating differences in Ad-mediated 
augmentation of DNA transfer among different cell types 
35 with the number and kinetic parameters of Ad receptors 
present on the cell surface. 
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Receptor number and kinetic parameters of Ad-CFTR 
binding were investigated in four different cell lines 
(COS-7, HeLa, U-937, and NIH 3T3) in parallel with a 
comparative study of the ability of Ad-CFTR to increase 
5 pRSVL expression in these different target cells. The U- 
937 cell line is a human histiocytic lymphoma cell line 
(ATCC CRL 1593) , and the NIH 3T3 cell line is a Swiss mouse 
embryo cell line (ATCC CRL 1658) . Cell cultures were grown 
as monolayers in IMEM supplemented with 10% CS, 50 units/ml 

10 penicillin, and 50 ^g/ml streptomycin (all from Biofluids) . 

To carry out the analysis of Ad-CFTR receptor number 
and kinetic parameters, Ad-CFTR was metabolically labeled- 
in 293 cells as previously described (Seth et al., Mol . 
Cell. Biol. . 4, 1528-1533 (1984); Seth et al., J. Virol. . 

15 51, 650-655 (1984)), with slight modifications. 293 cells 
were seeded in 150 -mm diameter plates at a density of about 
4 x 10 6 cells/plate, and the cells were infected 24 hours 
later with Ad-CFTR (100 PFU/cell; diluted in IMEM 
containing 2% CS) . Following a 2 hour incubation, the 

20 medium was changed to IMEM supplemented with 10% serum. 
After 10 hours, the medium was changed to methionine -free 
IMEM containing 2% dialyzed CS (Gibco/BRL) , 1% CS, and 
t 35 S] methionine (100 /xCi/ml; > 1,000 /xCi/mmol; Amersham, 
Arlington Heights, IL) . After 12 hours, the infected cells 

25 were harvested and [ 35 S] Ad-CFTR was purified as described 
previously for Ad-CFTR (Rosenfeld et al. , Cell . 68 , 143-155 
(1992)). 

To measure binding of [ 35 S] Ad-CFTR to various cells, 
cells were seeded in 12 -well plates at a density of 10 5 

30 cells/plate. After incubation for 24 hours, the cells were 
washed with sodium bicarbonate -free IMEM containing 20 mM 
HEPES (pH 7.5), and were incubated with 0.2 /xg of [ 35 S]Ad- 
CFTR (specific activity, 10 6 dpm//xg of protein) in the same 
medium at 4°C for 2 hours. The cells were then washed four 

35 times with PBS, and were then suspended in 0.2 ml of 0.1 N 
NaOH. The radioactivity present in each sample was 
quantified by scintillation counting. 
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Scatchard plot analysis of [ 35 S]Ad-CFTR binding to 
cells was performed in the presence of different 
concentrations of unlabeled Ad-CFTR (up to 200 fig of 
protein) . For each concentration of virus, values of free 
5 and bound Ad-CFTR were calculated, and Scatchard plots were 
used to calculate the receptor number and the affinity 
constants of Ad-CFTR binding to cells (Scatchard, Ann. N.Y. 
Acad. Sci. . 51, 660-672 (1949)). 

As presented in Figure 6, and as previously described 

10 for HeLa cells (Persson et al. f J, Virol . , 54 , 92-97 

(1985)), COS-7 and HeLa cells appear to possess both high- 
affinity and low-affinity receptors. Further, as indicated 
in Table 3, for COS-7 and HeLa cells, the number of low 
affinity receptors was in the range of 8 x 10 3 to 9 x 10 3 

15 receptors/cell, and the number of high affinity receptors 
was in the range of 9 x 10 2 to 2.5 x 10 3 receptors/cell. 
Consistent with the presence of Ad-CFTR receptors on these 
two cell lines, both demonstrated an Ad-CFTR-mediated 
increase in the expression of pRSVL, with the observed 

20 increase greater than 800 -fold for COS-7 cells, and greater 
than 500 -fold for HeLa cells. In contrast, under the 
comparable conditions, U-937 and NIH 3T3 cells exhibited a 
low number of receptors specific for Ad-CFTR (i.e., less 
than 100 high affinity receptors/cell, and less than 1 x 10 3 

25 low affinity receptors/cell) , and the Ad-CFTR-mediated 
increase in expression of pRSVL was substantially less than 
that observed in COS-7 and HeLa cells (i.e., reaching only 
between 1.6- or 3.1-fold). 
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Table 3. 

Comparison of the increase in luciferase expression modulated by 
the cointernalization of a replication -deficient adenovirus and a 
plasmid containing the luciferase cDNA with the number of receptors 
for the adenovirus on the surface of various cell types. 

Luciferase activity 
Cell (-fold increase in the 



Number of Ad-CFTR receptors 
High affinity Low affinity 



COS -7 


827 


2,787 


9,175 


HeLa 


550 


1/325 


8,376 


NIH 3T3 


3.1 


<ioo 


<1,000 


U-937 


1.6 


<100 


<1,000 



10 



15 These results confirm the strong correlation between 

the number of adenovirus receptors on the cell surface and 
the relative efficiency of the adenovirus -mediated 
enhancement of plasmid DNA expression in target cells. The 
results thus further validate a specific role of the 

20 adenovirus receptor in the cointernalization of plasmid 
DNA* Moreover, since many cell lines routinely used for 
transfection studies possess adenovirus receptors, as must 
many cells in vivo (as evidenced by the ubiquity of 
adenoviral infection) , the results confirm the broad 

25 utility of present approach for RME of cointernalized 
plasmid both in vitro and in vivo . 



EXAMPLE 8: Adenoviral -Mediated Augmentation of Cell 
Transfection with pRSVL Requires Disruption of the 
30 Endocytic Vesicle Following Cointernaliza tion of 'the 

Plasmid with the Adenovirus 
To clarify understanding and thus utilization of the 
present invention, the mechanism underlying adenoviral - 
mediated augmentation of cell transfection was further 
35 investigated. In this Example, the importance of Ad-CFTR- 
dependent disruption of endocytic vesicles following 
cointernalization of Ad-CFTR and plasmid pRSVL was 
investigated by evaluating the effect on the Ad-CFTR- 
mediated increase in plasmid DNA expression of inhibition 
40 of Ad-CFTR- dependent lysis of endocytic vesicles in the 
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absence of any substantial effect on the uptake of 
adenovirus into the cells. 

Three such conditions were tested for their effects on 
Ad- CFTR- dependent increase in plasmid lucif erase expression 
5 and uptake of [ 35 S]Ad-CFTR into cells: (1) heat treatment of 
Ad- CFTR at 45°C; (2) treatment of Ad -CFTR with low 
concentrations of Ad- CFTR antiserum; and (3) treatment of 
target cells with chloroquine, an agent known to raise the 
pH of the endocytic vesicles. 
10 F 0r these experiments, Ad- CFTR was metabolically 

labeled as described in Example 7. The uptake of [ 35 S]Ad- 
CFTR into cells was evaluated as previously described for 
uptake of [ 35 S]Ad2 (Seth et al., J. Virol., 51, 650-655 
(1984)). In other words, the cells were exposed to 0.1 113 
15 of [ 35 S]Ad-CFTR (specific activity, 10 6 dpm//*g) and 
appropriate amounts of unlabeled Ad- CFTR as described above 
and incubated at 37°C for 1 hour. The cells were then 
washed three times with PBS and treated with 0.5 ml of 
trypsin for 15 minutes at 37°C to remove membrane -bound 
20 virus. The cells were then suspended in 0.2 ml of 0.1 N 
NaOH, and radioactivity was measured in a scintillation 
counter to estimate the amount of virus taken up by cells. 

To evaluate the effect of temperature on the ability 
of Ad- CFTR to mediate cointernalization of plasmid pRSVL, 
25 Ad- CFTR was incubated at different temperatures for 15 
minutes in a buffer containing 10% glycerol and 20 mM Tris 
(pH 7.5). The virus preparations were then cooled at 4°C 
for 10 minutes, and were then added to COS -7 cells along 
with plasmid pRSVL. Lucif erase activity was determined 
30 after 48 hours. In parallel cultures, [ 35 S]Ad-CFTR was 
added to appropriate amounts of unlabeled Ad- CFTR, and 
uptake of the labeled vector was determined as described 
above. Lucif erase activity and the amount of 35 S- labeled 
Ad- CFTR taken up in the cells when Ad- CFTR was preincubated 
35 at 4°C were considered 100%, and the mean and standard 
error of the mean were calculated based on triplicate 
determinations . 
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The integrity of Ad-CFTR following heat treatment was 
confirmed by centrifuging the virus preparations incubated 
at different temperatures at 100,000 x g for 30 minutes, 
and then analyzing the composition of the viral proteins in 

.5 the pellets was by sodium dodecyl sulfate (SDS)-gel 
electrophoresis • Disappearance of viral proteins from the. 
pellets indicated disruption of Ad-CFTR as a consequence of 
a particular treatment condition. 

As presented in Figure 7, incubation of the virus at 

10 25°C did not significantly affect either the Ad-CFTR- 
dependent increase in luciferase expression or the uptake 
of the virus into cells. Following virus incubation at 
35°C, about a 20% loss in the Ad-CFTR- dependent luciferase 
activity was observed, and less than a 5% loss in the 

15 uptake of virus into the cells. Following incubation" at 
45°C, greater than a 95% loss in the Ad-CFTR -dependent 
luciferase activity was observed, and was accompanied by a 
15% loss in the uptake of Ad-CFTR into cells. In 
comparison, following incubation of the virus at 55°C, 

20 greater than a 95% loss in the Ad-CFTR- dependent luciferase 
activity was observed, and the decline in Ad-CFTR uptake 
was about 50%. It is conceivable that following 
pretreatment of virus at 55°C, there is an incomplete 
dissociation of Ad-CFTR uptake and Ad-CFTR- mediated plasmid 

25 transfer. This would suggest that heating virus for a 
longer period of time or in a different buffer (for 
example, a buffer devoid of glycerol) might completely 
destroy virus uptake as well as the ability of the virus to 
enhance plasmid transfer and expression. In fact, 

30 temperatures of 65°C or above resulted in abolition of most 
of the Ad-CFTR- induced enhancement of the uptake and 
expression of the plasmid, likely because of loss of virus 
uptake into target cells. 

The integrity of Ad-CFTR following exposure to 

35 different temperatures was investigated to further explain 
the effects of Ad-CFTR heat treatment on the adenoviral - 
mediated increase in plasmid expression. While the protein 
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composition of Ad-CFTR was apparently not altered by heat 
treatment at 25, 37 and. 45°C # following treatment at 55 and 
65°C, about 60 to 70% of the viral proteins disappeared 
from Ad-CFTR (data not shown) . These results suggest that 
5 Ad-CFTR remained completely intact after heating at up to 
45 °C while higher temperatures resulted in disruption of 

viral integrity. 

The effect of Ad-CFTR antiserum on Ad-CFTR -dependent 
pRSVL expression was investigated by mixing Ad-CFTR with 

10 various concentrations of Ad-CFTR antiserum at room 
temperature for 15 minutes, and exposing to COS -7 cells in 
the presence of plasmid pRSVL. Following a 48 hour 
incubation, lucif erase activities were determined. In 
parallel experiments, [ 35 S] Ad-CFTR mixed with unlabeled Ad- 

15 CFTR was incubated with Ad-CFTR antiserum for 15 minutes at 
room temperature and exposed to COS -7 cells for 1 hour at 
37°C. After trypsinization of cells for 15 minutes to 
remove surface-bound labeled virus, the amount of [ 35 S] Ad- 
CFTR internalized into the cells was determined by counting 

20 the cell -associated radioactivity. The lucif erase 

activities and amounts of [ 35 S] Ad-CFTR internalized by cells 
was graphed relative to values obtained for Ad-CFTR or 
[ 35 S]Ad-CFTR not exposed to the antiserum. 

As presented in Figure 8, when Ad-CFTR was incubated 

25 with increasing concentrations of Ad-CFTR antiserum, a 
corresponding decline in the Ad -CFTR -dependent increase in 
lucif erase expression was observed. Following incubation 
with an antiserum dilution of 1:10 6 , the adenovirus -mediated 
increase in lucif erase activity was inhibited by 75%, while 

30 the uptake of Ad-CFTR into cells was not affected. 
Following incubation with an antiserum dilution of 1:10 5 , 
the adenovirus -mediated increase in lucif erase expression 
was inhibited by more than 90%, while the uptake of [ 35 S] Ad- 
CFTR into the cells was inhibited by only about 25%. 

35 Furthermore, following incubation with an antiserum 
dilution of 1:10 4 , incomplete dissociation of Ad-CFTR uptake 
and Ad-CFTR-mediated plasmid transfer was still observed, 
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with the obtained lucif erase activity . and uptake values 
approximating those obtained for treatment of Ad-CFTR with 
an antiserum dilution of 1:10 5 . However, following 
treatment of Ad-CFTR with antiserum dilutions of 1:10 3 (or 
5 . lesser dilutions; data not shown), greater than a 90% loss 
of both the Ad-CFTR -dependent increase in lucif erase 
activity and the ability of the vector to enter the cells 
was observed. 

In view of the fact that the agent chloroquine 

10 prevents adenovirus from disrupting endosomes (Seth et al., 
J, Virol. , 51, 650-655 (1984) ), the "ability of chloroquine 
(Sigma) to prevent the Ad-CFTR-mediated increase in the 
expression of the lucif erase plasmid was evaluated. In 
this set of experiments, COS -7 cells were exposed to Ad- 

15 CFTR in the presence of plasmid pRSVL and concentrations of 
chloroquine ranging from 0 to 200 /iM. After 24 hours the 
medium was changed, the cells were incubated for another 24 
hours, and lucif erase activities were determined. In 
parallel cultures, COS -7 cells were exposed to [ 35 S] Ad-CFTR 

20 in the presence of various concentrations of chloroquine 
for 1 hour, and the amount of [ 35 S]Ad-CFTR taken up into the 
cells was determined. Lucif erase activity and the amount 
of 35 S- labeled Ad-CFTR taken up in the cells which did not 
receive chloroquine were considered 100%. Control cells 

25 received chloroquine and pRSVL alone, and the lucif erase 
activity obtained in these cells was subtracted from the 
activity of cells that received pRSVL along with Ad-CFTR 
and chloroquine. 

As presented in Figure 9, treatment of cells with 

30 increasing concentrations of chloroquine effected a 
corresponding loss in Ad- CFTR- dependent lucif erase 
expression. In contrast, treatment of control cells with 
chloroquine resulted in a slight increase (i.e., about 
1.5- fold) in the expression of pRSVL (data not shown) . The 

35 chloroquine inhibitory effect was concentration dependent, 
and 50% inhibition was observed with a chloroquine 
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concentration of less than 50 fM. Under these conditions, 
uptake of [ 35 S] Ad-CFTR into cells was not inhibited. 

These results confirm a requirement for adenoviral - 
dependent lysis of the endocytic vesicle for observation of 
5 adenovirus -mediated ^internalization of plasmid. Three 
conditions known to block the release of adenovirus from 
the endocytic vesicle also inhibited the adenoviral - 
mediated increase in plasmid DNA. expression in target 
cells, i.e.: (1) heat treatment of Ad-CFTR at 45°C; (2) 

10 treatment of Ad-CFTR with low concentrations of Ad-CFTR 
antiserum; and (3) treatment of target cells with 
chloroquine, an agent known to raise the pH of the 
endocytic vesicles. None of these conditions substantially 
prevented the entry of the adenovirus vector into the 

15 cells. Further, Ad-CFTR appeared to be completely intact 
following heat treatment at 45 °C. These results validate 
that vector- dependent lysis of endocytic vesicles is 
necessary for the release of plasmid DNA from the endocytic 
vesicles, and that the low-pH environment of endocytic 

20 vesicles is critical for this process. ' Moreover, the 
ability to dissociate the binding and endosomal lysis 
properties of adenovirus suggests that the present 
invention could be further manipulated to construct 
recombinant adenoviral vectors which combine the cell or 

25 tissue specificities of different viruses with the 
endosomal lysis and nuclear transport capabilities of 
adenovirus . 

EXAMPLE 9-- Adenoviral -Medi ated Augmentation of Cell 
30 Transfectinn with pKSVIi is r> nt Dependent on the 

Adenoviral Genome 
In this Example, the necessity of the adenoviral 
genome for observation of the Ad-CFTR -mediated increase in 
transfer and expression of plasmid pRSVL in host cells was 

35 evaluated. 

To assess the effect of inactivatiqn of the viral 
genome by UV radiation on the Ad-CFTR- dependent increase in 
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expression of the lucif erase plasmid, Ad-CFTR was 
irradiated at a distance of 6 cm for various lengths of 
time using a short -wavelength UV lamp (Model UV G-54; UVP, 
Inc., San Gabriel, CA) . The irradiated preparation was 
5 then evaluated for the ability of the viral genome to usurp 
host cell functions by examining the production of viral 
proteins. This was done by plating 293 cells in 35 -mm 
diameter plates at a density of p. 2 x 10 6 cells/plate. 
Following a 24 hour incubation, the culture medium was 

10 changed to IMEM supplemented with 2% FCS, and cells were 
infected for 2 hours at 37° C with Ad-CFTR, or with Ad-CFTR 
which had been irradiated for various lengths of time. 
Newly synthesized proteins were labeled with [ 35 S] methionine 
(10 /iCi/ml; specific activity, > 1,000 jxCi/mmol; Amersham) 

15 for 12 hours in methionine- free IMEM supplemented with 2% 
dialyzed FCS and 1% non-dialyzed FCS. Following 
incubation, the cells were washed twice with IMEM and twice 
with PBS, and were then centrifuged at 15,000 x g for 5 
minutes. The cell lysates were prepared by three cycles of 

20 freezing and thawing and analyzed on SDS-acrylamide gels as 
described above. The gels were dried and evaluated by 
autoradiography to visualize the 35 S- labeled proteins. The 
presence of a 108 kilodalton (kDa) protein corresponding to 
newly synthesized Ad5 hexon protein evidenced the 

25 functionality of Ad-CFTR. Since preliminary studies 
confirmed that 120 seconds of UV exposure rendered Ad-CFTR 
incapable of directing synthesis of hexon protein in 293 
cells, a range of UV doses corresponding to UV irradiation 
for 0 to 300 seconds were employed in these studies. 

30 In parallel experiments, UV- irradiated Ad-CFTR was 

exposed to COS -7 cells in the presence of plasmid pRSVL, 
and lucif erase activity was determined following a 48 hour 
incubation. 

As presented in Figure 10 A, UV exposure of Ad-CFTR 
35 for 10 seconds impeded viral production of hexon protein by 
50 to 60%. UV exposure for greater than 30 seconds 
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resulted in complete loss of the ability of Ad-CFTR to 
produce viral proteins. 

in contrast, UV exposure for up to 120 seconds 
resulted in only a slight inhibitory effect (i.e., less 
5 than a 20% reduction) on the ability of the virus to 
enhance transfer and expression of plasmid in COS -7 cells, 
as presented in Figure 10 B. However, UV- irradiation of 
Ad-CFTR for longer periods ' of up to. 5 minutes resulted in 
the loss of the Ad-CFTR -mediated increase in lucif erase 

10 activity, which was likely due to damage to the capsid 
proteins, and the subsequent inability of the capsid to 
bind target cells and undergo RME. UV- irradiation of Ad- 
CFTR for up to 60 seconds resulted in the increased 
expression of another protein of 56 kDa. However, with 

15 longer UV exposures, the expression of this protein was 
diminished. Since the 56 kDa protein is not found in 
assembled Ad-CFTR virions (data not shown) , it is probably 
a virus -induced host protein. 

These results confirm that the adenovirus vector- 

20 dependent enhanced expression of plasmid DNA does not 
require the functional viral genome, which is to be 
expected with respect to an RME-mediated process. Thus, 
even when the adenoviral genome has been destroyed by UV 
irradiation, the ability of the adenoviral vector to 

25 enhance DNA delivery remains intact. 

gyRMPT.E 10: A r SPnoviral-Mpriiated Augmentation of Cell 
TransfectioP with pR S VT.. is DeppnHpnt on thP, Adenoviral 

Capsid 

30 in this Example, the necessity of the adenoviral 

capsid for observation of the Ad-CFTR-mediated increase in 
transfer and expression of plasmid pRSVL in host cells was 
evaluated. 

To investigate whether adenovirus particles devoid of 
35 any genome were able to enhance the delivery of plasmid DNA 
into cells, the effects of empty Ad-CFTR capsids were 
evaluated. Empty capsids of Ad-CFTR were extracted from 
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the uppermost band (i.e., the lower-density band) present 
in. the first CsCl (Boehringer-Mannheim, Indianapolis, IN) 
gradient einployed in purification of Ad-CFTR (Rosenfeld et 
al., Cell . 68, 143-155 (1992)). This material was 
5 subjected to a second CsCl gradient, dialyzed against 50% 
glycerol containing 10 mM Tris (pH 7.4) and 1 mM MgCl 2 , and 
kept frozen at -70°C. 

To ensure that empty capsids were devoid of Ad-CFTR 
DNA, the properties of the empty capsids were compared with 

10 those of intact Ad-CFTR. The density of the empty capsids 
was determined by collecting the band from the second 
gradient and weighing 1 ml of this solution. The density 
of the empty capsids was found to be 1.23, as compared with 
a density of at least 1.34 for Ad-CFTR. The presence of 

15 proteins and DNA in the empty capsids as compared with in 
intact Ad-CFTR was determined by: (1) monitoring the 
absorbance at optical densities of 260 and 280 nm (i.e., 
0D 260 and OD 28o) and determining protein concentration by 
the method of Bradford; (2) treating 100 fig of intact Ad- 

20 CFTR or empty capsids with SDS (final concentration, 1%) 
and proteinase K (final concentration, 50 /zg/ml) for 18 
hours, electrophoresing the sample on ah agarose gel in the 
presence of ethidium bromide (i.e., to allow visualization 
of any DNA bands present) , subjecting the sample to 

25 irradiation, depurination, denaturation and then 
neutralization prior to transfer, transferring the sample 
from the gel to a nylon membrane (Nytran; Schleicher & 
Schuell, Keen, N.H.), hybridizing the membrane with a 32 P- 
labeled probe derived from the whole Ad-CFTR genome, and 

30 analyzing autoradiograms, as previously described 
(Rosenfeld et al., Cell . 68, 143-155 (1992)); and (3) 
electrophoresing the samples on a SDS-gel, staining, 
destaining and photographing the gel, and comparing protein 
patterns for empty capsids to those obtained for Ad-CFTR. 

35 The OD 260 / 2 80 absorbance ratios were 1.25 for Ad-CFTR, 

and 1.02 for empty capsids, as measured in aliquots with 
identical amounts of protein. While the concentration of 
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DNA present in Ad-CFTR was 833 /ig/ml, DNA was not 
detectable in empty capsids either by ethidium bromide 
staining of samples electrophoresed on agarose gels, or by 
Southern hybridization with a 32 P-labeled Ad-CFTR DNA probe 
5 of electrophoresed samples transferred to a nylon membrane. 
These results indicate that the empty capsids were devoid 
of any substantial amount of DNA. However, analysis of the 
empty capsids by SDS-gel electrophoresis indicated that 
they appeared to contain fiber and the other viral proteins 

10 in stoichiometric amounts similar to those present in 
intact Ad-CFTR {data not shown) . 

To examine the capacity of empty adenoviral capsids to 
mediate the increased expression of pRSVL, COS -7 cells were 
exposed to different concentrations of empty capsids of Ad- 

15 CFTR in the presence of 5 fig of plasmid pRSVL for 2 hours 
in Opti-MEM® I medium. The medium was then changed to a 
serum- containing medium, and 48 hours later, lucif erase 
activities were determined. 

As presented in Figure 11, empty capsids increased the 

20 expression of plasmid pRSVL in COS- 7 cells in accordance 
with the amount of empty capsids added. The effectiveness 
of the empty capsids, however, appeared to be about 5 to 10 
times less effective than Ad-CFTR in commanding RME of 
pRSVL. 

25 These results validate that empty capsids are capable 

of mediating plasmid DNA delivery to host cells. In this 
respect, empty adenoviral capsids are less effective than 
intact adenoviral capsids. Since empty capsids possess the 
same stoichiometric amounts of fiber as does Ad-CFTR, it is 

30 unlikely that empty capsids bind to the cell receptor at 
lower efficiency. Possible explanations of the lesser 
effectiveness of Ad-CFTR which remain to be investigated 
include that the empty capsids may not be internalized into 
target cells with the same efficiency as Ad-CFTR, or are 

35 less efficient in disrupting endosomes. 
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EXAMPLE 11: Comparison of the Effect on Adenoviral- 
Mediated Augmentation of Cell Transfection with Plasmid 
DNA of Preincubation with Different Types of Cationic 

Agents 

5 In this Example, the possibility of increasing the 

adenoviral -mediated augmentation of cell transfection was 
investigated by exploring the effect of preincubation of 
the plasmid with different types of cationic agents capable 
of binding larger quantities of plasmid DNA. 

10 In this respect, the efficacy of the Lipofectin® 

Reagent employed in Example 4 was compared with the 
efficacy of liposomes comprised of 1, 2-bis (oleoyloxy) -3- 
(trimethylammonio) propane (DOTAP; Boehringer-Mannheim) , a 
1.5:1 molar ratio of the polycationic lipid 2 , 3 -dioleyloxy- 

15 N- [2 (sperminecarboxamido) ethyl] -N, N- dimethyl- 1- 
propanaminium trif luoroacetate (DOSPA) and the neutral 
lipid dioleoylphosphatidyl ethanolamine (DOPE) 
(LipofectAMINE™, Life Technologies Inc., Gaithersberg, MD) 
as well as the efficacy of cationic agents such as the 

20 polycarbene, polybrene (or 1 , 5 - dimethyl - 1 , 5 - 
diazaundecamethylene polymethobromide; Sigma) . Notably, 
LipofectAMINE™ as well as Transfectam® Reagent (or 
dioctadecylamidoglycyl spermine, or DOGS; Promega Corp., 
Madison, WI) were investigated as these liposomes contain 

25 additional head groups of the polyamine, spermine, which 
binds the inner groove of DNA. These reagents are 
considered polycationic liposomes as compared with the 
monocationic liposomes, Lipofectin® Reagent and DOTAP. All 
purchased liposomal reagents were used according to the 

30 instructions of the manufacturer. 

Viruses and plasmids employed in this Example are as 
described in Example 1. However, the additional plasmid 
pCMV/?gal was also employed (MacGregor et al., Nucleic Acid 
Res. . 17 . 2365 (1989)). This vector contains the 

35 cytomegalovirus promotor driving expression of j5- 
galactosidase as a reporter gene. 



WO 95/21259 



PCT/US95/00924 



50 

To study the expression of pCMV/Sgal plasmid in. the 
presence of Ad-CFTR and the cat ionic agents, the 
experiments were done essentially as described in Example 
1. Namely, 0.5 x 10 s cells were seeded in 60-mm diameter 
5 plates. Twenty- four hours later, cells were washed with 
OPTI-MEM® I and incubated in the same medium for 2 hours. 
pCMVjSgal (5 ■ jig/plate) was preincubated with either 
Lipofectin® Reagent (20 fig) , DOTAP (20 fig) , P°ly br ^ e < 2 
M g), Transfectam® Reagent (20 fig) or Lipof ectAMINE (20 
10 fig)* or in the absence of any cationic agents, for 30 
minutes at room temperature, and the resultant solution was 
then added to the cell cultures. For some of the cultures, 
Ad-CFTR was also added (10 PFU/cell) along with the DNA 
solution. After 2 hours of incubation, the medium was 
15 changed to IMEM containing 10% FCS, and the cultures were 
incubated for an additional 20 hours. The cells were then 
scraped, washed twice with PBS, and evaluated for 0- 
galactosidase activity. 

jS-galactosidase activity was detected in cell lysates 
20 essentially by a previously described protocol with some 
modifications. Pelleted cells were suspended in a buffer 
containing 30 mM sodium phosphate, pH 7.5, and were then 
lysed by three cycles of freezing and thawing. The samples 
were centrifuged at 15,000 x g for 5 minutes, and were 
25 directly assayed for 0-galactosidase activity. Portions of 
the cell lysates were incubated in separate wells of a 96- 
well plate (Becton Dickinson, Lincoln Park, NJ) with 10.62 
,xM o-nitrophenyl /J-D-galactopyranoside (ONPG; Sigma) in a 
final volume of 20 fil per well. Five- fold serial dilutions 
30 of up to 15625-fold were prepared for the enzyme assays, 
prior to addition of ONPG. After appropriate incubation of 
the reaction mixtures at 37° C, the absorbance was measured 
at 405 nm using an ELISA reader (Biorad, Richmond, CA) . An 
absorbance reading of 1.0 was considered equivalent to 1.0 
35 unit of /3-galactosidase activity. /S-galactosidase activity 
was expressed as units/mg protein present in the cell 
lysate . 
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As presented in Figure 12, in COS -7 cells exposed to 
pCMV/Jgal alone, the enzyme activity was about 0.11 unit/mg 
protein. The activities obtained for COS -7 cells exposed 
to pCMVjSgal plus either Ad-CFTR, Lipofectin® Reagent, 
5 DOTAP, polybrene, Transf ectam® Reagent and Lipof ectAMINE™ 
were not substantially higher, and corresponded to 1.1, 
1.1, 0.8, 0.75, 2.0, and 2.6 units/mg protein, respectively 
(i.e., Figure 12, solid bars). These results corresponded 
to a 7- to 25-fold increase over the enzyme activity 

10 obtained when any of these reagents was employed in the 
absence of pCMV/Sgal. 

To test for possible synergism between Ad-CFTR and the 
various cationic agents in augmentation of the expression 
of pCMVjSgal, in a set of parallel experiments, COS -7 cells 

15 were exposed to pCMVjSgal preincubated with the cationic 
agents in conjunction with exposure to Ad-CFTR. As 
presented in Figure 12 (i.e., the hatched bars) , in the 
presence of Ad-CFTR and either Lipofectin® Reagent, DOTAP, 
polybrene, Transf ectam® Reagent, or Lipof ectAMINE™, the 

20 enzyme activity obtained corresponded to 24, 16, 377, 419 
and 742 units/mg protein, respectively. These results 
confirm a much higher increase in plasmid expression (i.e., 
a 145- to 6745 -fold increase over the enzyme activity 
obtained when any of these reagents was employed in the 

25 absence of pCMVjSgal) when Ad-CFTR infection was used along 
with incubation with cationic agents and pCMV/Jgal, as 
compared to incubation with pCMVjSgal alone. Furthermore, 
the various reagents appear capable of augmenting Ad-CFTR- 
dependent expression of pCMVjSgal in the following order of 

30 increasing effectiveness: monocationic liposomes (i.e., 
DOTAP, Lipofectin® Reagent), polycarbenes (i.e., 
polybrene), and polycationic liposomes (Transf ectam® 
Reagent and Lipof ectAMINE™) . 

To confirm this order of effectiveness, COS-7 cells 

35 were incubated with pCMVjSgal (15 /zg) and Ad-CFTR (100 
PFU/cell) alone, or in combination with either Lipofectin® 
Reagent (20 fig) , polybrene (2 /xg) or Transf ectam® Reagent 
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(20 fig), as described above. Following transfection, the 
amount of 0-galactosidase activity per cell was quantified 
by staining the cells with 5-bromo-4-chloro-3-indolyl-0-D- 
galactopyranoside (X-gal; Boehringer-Mannheim) . This was 
5 done by fixing cells for 5 minutes at 5»C in a PBS solution 
containing 2% formaldehyde and 0.2% glutaraldehyde . Cells 
were then stained for 4 hours at 37»C in a solution 
containing 5 mM K 4 Fe(CN) 6 , 5 mM K 3 Fe(CN) 6 , 2 mM MgCl 2 , and 
200 us/ml X-gal. Observation of blue coloration of cells 
10 under a phase contrast microscope -confirmed the presence of 
0-galactosidase within the cell. Either a random sampling 
of cells were counted (i.e., 100 cells in each of three 
different fields) , or cells were photographed. 

As presented in Figure 13 A, exposure of cells to both 
15 pCMV0gal and Ad-CFTR resulted in blue coloration of about 
5 percent of the cells. Addition of Lipofectin® Reagent 
further increased the number of blue -appearing cells to 
about 10-20 percent, as indicated in Figure 13 B. 
Moreover, inclusion of polybrene (i.e., Figure 13 C) or 
20 Transfectam® Reagent (i.e., Figure 13 D) instead of 
. Lipofectin® Reagent resulted in blue coloration of the 
majority of the cells. 

These results are quantified in Table 4, column 1, and 
confirm that the various cationic agents tested are capable 
25 of augmenting Ad-CFTR- dependent expression of pCMV0gal in 
COS -7 cells in the following order of increasing 
effectiveness: monocationic liposomes, polycarbenes , and 
polycationic liposomes. 
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example V>- Confirm -ion of the Effectiveness of 
piffprent r^firmic ftgenfcg in Enhancing adenoviral - 
M^^^or. an^ntat ^. of Cell Transection with Plasmid 
Tw a in Differe nt Cell Lines 
5 in this Example, the ability of the various cationic 

agents to increase adenoviral -dependent plasmid transfer in 
different cell lines was examined and compared. 

Additional cell cultures employed in this Example 
include RD, a human embryonal rhabdomyosarcoma cell line 
10 (ATCC CCL 136), A204, a human rhabdomyosarcoma cell line 
(ATCC HTB 82), and C 2 C 12 , a mouse muscle myoblast cell line 
(ATCC CRL 1773) . These cultures were grown as monolayers 
in IMEM supplemented with 10% FCS, 50 units/ml penicillin 
and 50 M g/ml streptomycin (all from Biofluids). 
15 Furthermore, IB3-1 (obtained from G. Cutting, John Hopkins 
University, Baltimore, MD) was also employed. This cystic 
fibrosis respiratory epithelial cell line was originally 
derived from the bronchial epithelium of an individual with 
CF (i.e., a compound heterozygote with the common AF508 CF 
20 mutation and the W1282X mutation), and was cultured on 
collagen- (Vitrogen; Collagen Corporation, Palo Alto, CA) 
and fibronectin- (CalBiochem, San Diego, CA) coated plates 
in LHC-8 serum-free medium (Biofluids) supplemented with 15 
pg/ml endothelial cell growth supplement (Becton Dickinson, 
25 Oxnard, CA) , 50 units/ml penicillin and 50 ng/iol 
streptomycin (all from Biofluids) . For trans feet ions, IB3- 
1 cells were routinely grown on fibronectin- (Pronactin, 
Biosource International, San Diego, CA) coated coverglass 
chambers (Nunc, Inc., Roskilde, Denmark). 
30 For these experiments, COS-7 cells, IB3-1 cells, RD 

cells, A204 cells, and C 2 C 12 cells were exposed to pCMV0gal 
(5 /ig) in the presence of either Lipofectin® Reagent (20 
M g), polybrene (2 \ig) , Transfectam® Reagent (20 ng) or 
LipofectAMINB™ (20 fig) both in the absence and presence of 
35 Ad-CFTR (10 PFU/cell) , and following 0-galactosidase 
staining, the number of cells appearing blue was scored by 
counting 100 cells in 3 separate fields. The experiments 
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were performed in triplicate, and the average and standard 
error of the mean were determined. 

As presented in Table 4, in each of the cell lines 
tested, less than 2% of the cells stained positive for /?- 
5 galactosidase following exposure to pCMV/Jgal alone, and 
less than 30% of cells showed detectable blue color when 
any one of the cationic agents was added individually along 
with pCMVjSgal. However, when Lipofectin® Reagent treatment 
was accompanied by Ad-CFTR infection, the percentage of 

10 blue cells obtained varied from 2.25 (i.e., observed for ED 
cells) to 20 (i.e., observed for COS-7 cells). When Ad- 
CFTR infection accompanied preincubation of pCMV/?gal with 
either polybrene, Transf ectam® Reagent or Lipof ectAMINE™, 
the percentage of blue cells obtained varied from 94-99% 

15 observed for COS-7 cells, 80-90% observed for IB3-1 cells 
and 70-90% observed for muscle cells (i.e., RD, A204 and 
C 2 C 12 cells). For each cell line, the combination of Ad- 
CFTR infection and plasmid preincubation with 
LipofectAMINE™ was found to result in the highest level of 

20 0-galactosidase staining. Moreover, the results also 
confirm that Ad-CFTR infection used in combination with 
polybrene or preincubation with a polycationic liposome 
resulted in significantly better transf ection than when Ad- 
CFTR infection was employed in combination with 

25 preincubation with a monocationic liposome, such as 
Lipofectin® Reagent. . 

Accordingly, the results validate that the present 
transf ection protocol in which adenovirus infection is used 
in conjunction with DNA preincubation with liposomes can be 

30 employed for a variety of cell types. Although 
monocationic liposomes such as Lipofectin® Reagent were 
able to augment Ad-CFTR -mediated transf ection, polycationic 
liposomes were about 3-40 times better than monocationic 
liposomes in this respect. Moreover, certain polycationic 

35 liposomes used in conjunction with adenoviral infection 
were able to effect transf ection in about 90 percent of the 



WO 95/21259 



PCT/DS95/00924 



56 

cells examined, thus attesting to the efficiency of this 
method of nucleic acid transfer. 

kyampt.e 13; iffes£ of Pnlvcat i onjc Liposome Composition 
5 on the Ad-rFTR-Medj«i-<=-d Inc r ease in thP Expression of the 

pCMVfiqal Plasmid 
In this Example, the possibility of increasing the 
adenoviral -mediated transf ection- enhancing ability of the 
polycationic liposome Lipof ectAMINE™ by altering the lipid 
10 composition the liposomes was explored. Namely, since 
Lipof ectAMINE™ is comprised of a 1.5:1 D0SPA:D0PE molar 
ratio, the effect of varying the ratio of DOSPA to DOPE on 
the Ad-CFTR-mediated increase in the expression of pCMV/3gal 
in transf ected cells was investigated. 
15 For these experiments, polycationic Lipof ectAMINE - 

related liposomes comprised of D0SPA:D0PE molar ratios of 
1.5:1, 1:1, 0.5:1, 0.25:1, 0.1:1 were constructed. 
Liposomes containing the various molar ratios of DOSPA to 
DOPE were formulated by drying lipids under argon and then 
20 placing the samples under vacuum for 5 hours. The lipids 
were resuspended in distilled water, and were sonicated 
under argon using a horn bath sonicator for 30 minutes at 
12°C. Transfections with pCMV/Sgal (5 fig) using the newly 
synthesized polycationic liposomes either alone or with Ad- 
25 CFTR (10 PFU/cell) were conducted in IB3-1 cells. 
Resultant 0-galactosidase activities were determined, and 
the average and standard error of the mean were calculated 
based on triplicate determinations. 

As demonstrated in Figure 14, in the absence of Ad- CFTR 
30 (solid bars), a maximum 0-galactosidase activity 
corresponding to about 109 units/mg protein was obtained 
using polycationic liposomes comprised of a D0SPA:D0PE 
molar ratio of 1.5:1 (i.e., using Lipof ectAMINE™) . The 0- 
galactosidase activity decreased in accordance with the 
35 decrease in the DOSPA-.DOPE molar ratio, down to a level of 
3.2 units/mg protein in the presence of liposomes comprised 
of a D0SPA:DOPE molar ratio of 0.1:1. 
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In comparison, pCMVjSgal transfection in the presence 
of. both Ad-CFTR and the polycationic liposomes (hatched 
bars) yielded the highest ^-activity of 4689 units/mg 
protein obtained for liposomes comprised of a DOSPA:DOPE 
5 molar ratio of 1:1. This enzyme activity was at least two 
times higher than the activity obtained using liposomes 
comprised of DOSPA:DOPE molar ratios of either 1.5:1 or 
0.5:1, which only yielded enzyme activities of 2027 and 
2146 units/mg protein, respectively. Further, the maximal 

10 activity was 50-100 times higher than the enzyme activity 
obtained using Ad-CFTR in the presence of polycationic 
liposomes comprised of DOSPA:DOPE molar ratios of 0.25:1 or 
0.1:0, which only yielded enzyme activities of 29 and 54 
units/mg protein, respectively. 

15 These results confirm that although the transfection 

efficiency of Lipof ectAMINE™ in the absence of Ad-CFTR is 
* higher than the other polycationic liposomes tested, in the 
presence of Ad-CFTR, liposomes comprised of a DOSPA:DOPE 
molar ratio of 1:1 are superior to Lipof ectAMINE™ in 

20 augmenting adenoviral -mediated transfection. 

EXAMPLE 14: Effect of Other Monocationic Liposomes on the 
Ad-CFTR-Mediated Increase in the Expression of the 

pCMVflqal Plasmid 

25 In this Example, the ability of various monocationic 

liposomes other than Lipofectin® Reagent to effect an 
increase in adenoviral -mediated transfection was explored. 

The monocationic liposomes 143-8, 143-7, 75-7, 143-4 
and LipofectACE™ (Gibco/BRL) were synthesized essentially 

30 as in Example 13 using, respectively, a 1:1 molar ratio of 
1,2- dioleyl - 3 - dimethylamino propyl -B -hydroxy - ethylammonium 
acetate (i.e., DORI ETHER) and DOPE, a 2:1 molar ratio of 
DORI ETHER and DOPE, a 1:1 molar ratio of N-[2-[(3- 
aminopropyl) amino] ethyl] -N,N-dimethyl-2, 3 - 

35 bis (octdecenyloty) -l-propaninium dibromide (i.e., DORI 
ETHER Propylamine) and DOPE, a 1:1 molar ratio of N- (2 
bromoethyl) -N,N-dimethyl-2 , 3 -bis (9-octadecenyloty) -1- 
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propananinium bromide (i.e., DORI ETHER Bromo) and DOPE, 
and 1:2.5 (w/w) ratio of dimethyl dioctadecylammonium 

bromide (DDAB) . 

IB3-1 cells were exposed to pCMVtfgal (5 pg) and either 
5 the polycationic- liposome Lipof ectAMiNE™, or the various 
synthesized monocationic liposomes in the absence and 
presence of infection with Ad-CFTR (10 PFU/cell) , and 
jS-galactosidase activities were subsequently determined. 
As presented in Figure 15, of all the liposomes, 

10 LipofectAMINE™ effected the highest 0-galactosidase levels 
in host cells used either in the absence (solid bars) or in 
the presence (hatched bars) of infection with Ad-CFTR. 
Only the monocationic liposomes 143-7 and 143-4 were able 
to effect even a slight increase in /3-galactosidase 

15 activity when incorporated into the transfection protocol. 

These results confirm the superiority of polycationic 
liposomes as compared with monocationic liposomes in 
augmenting adenoviral -mediated cell transfection. 

20 EXAMPLE 16; Effect n f Liposome Vesicle Sine on the Ad- 
CFTR-MediatPd Increase in the Expression of the nCMVgqal 

Plasmid 

In this Example, the possibility of increasing the 
ability of the polycationic liposome Lipof ectAMINE to 
25 enhance adenoviral -mediated transfection by altering the 
vesicle size was explored. 

Liposomes were prepared as in Example 13, and vesicles 
of different size were formed by resuspending lipids in 
distilled water, then passing the suspension through a 
30 polycarbonate filter with various pore sizes by means of a 
Liposofast apparatus (Avestin Inc. r Ottawa, ON). 

Lipof ectAMINE™- type liposomes of vesicle sizes ranging 
from 100-400 nm were constructed and tested for their 
ability to enhance pCMVflgal expression in IB3-1 cells. 
35 Cells were exposed to pCMVjSgal (5 /xg) and the various 
polycationic liposomes in the absence or presence of Ad- 
CFTR (10 PFU/cell) , and 0-galactosidase activities were 



WO 95/21259 



PCT/US95/00924 



59 

determined. As presented in Figure .16, there was no 
substantial difference between the transfection efficiency 
of the different liposomes which corresponded to their 
differing sizes when employed either in the absence (solid 
5 bars) or in the presence (hatched bars) of infection with 
Ad- CFTR.- 

EXAMPLE 17 : Liposome and Ad- CFTR- mediated Increase in the 
Expression of a Plasmid Containing the CFTR cDNA 

10 In this Example, the possibility of using the 

adenoviral -mediated transfection protocol described herein 
to evaluate expression of the pCMVCFTR plasmid which codes 
for the CFTR protein was evaluated* 

The plasmid vector pCMVCFTR (Yoshimura et al., Nucleic 

15 Acids Res . . 20 . 3233-40 (1992)) contains a full length 
human CFTR cDNA under the control of the cytomegalovirus 
promotor. Additionally employed in this Example was the 
vector Ad.RSVjSgal. The Ad5 -based vector Ad.RSVjSgal 
contains the Rous sarcoma virus long terminal repeat as a 

20 promotor driving the expression of a 0-galactosidase 
reporter gene, and also contains the SV40 nuclear 
localization signal to facilitate the detection of protein 
expression (Mastrangeli et al., J. Clin. Invest. , £1, 225- 
34 (1993)). 

25 For these studies, polycat ionic liposomes comprised of 

a DOSPA:DOPE molar ratio of 1:1 were employed. IB3-1 cells 
were exposed to pCMVCFTR plasmid alone or in the absence 
and/or presence of Ad.RSVjSgal or liposomes for 20 hours 
using the transfection protocol described in Example 4. 

30 The presence and functionality of the CFTR protein were 
investigated by monitoring cAMP- dependent CI" ion efflux 
from IB3-1 cells. Ion efflux was monitored by incubating 
IB3-1 cells in cell culture medium containing 10 mM of the 
Cl'-sensitive fluorescent dye SPQ (6-methoxy-N- (3- 

35 sulfopropyl) quinolinium (Molecular Probes, Inc., Eugene, 
OR) for another 18 hours. Unincorporated dye was then 
washed from the cells, and the cultures were incubated for 
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10 minutes in a buffer (pH 7.4) containing 135 mM Nal, 2.4 
mM K 2 HP0 4 , 0.6iriM KH 2 P0 4 , 1 mM MgS0 4 , 1 rriM CaS0 4 , 10 mM 
HEPES , and 10 mM glucose. The SPQ was excited at 350 nm, 
and fluorescent images were acquired for 3 minutes at 1 
5 minute intervals. The buffer solution bathing the cells 
was then exchanged for buffer in which Nal was replaced 
with NaN0 3 , and the fluorescence measurements were acquired 
for an additional 7 minutes. The changes accompanying an 
increase in CI" permeability due to cAMP stimulation of the 
10 CFTR protein were measured by replacing the NaN0 3 buffer 
solution with a buffer solution containing 20 (XL forskolin 
(Sigma), 200 fM cpt-cAMP (Sigma), and 500 fM 3-isobutyl-l- 
methylxanthine (IBMX) (Sigma). The fluorescence was 
monitored for an additional 10 minutes. Fluorescence 
15 images acquired at 450 nm from at least 20-30 cells/field 
were digitized, averaged for 8 frames, and quantified using 
a high- resolution CD camera (Videoscope International, 
Herdone, VA) along with the Imagel-Fluor software package 
(Universal Imaging, West Chester, PA). All fluorescent 
20 images were acquired at 37°C. 

As presented in Figure 17 A, cells exposed to the 
pCMVCFTR plasmid alone demonstrated a fluorescence signal 
of about 40 pixels in intensity. Exposure of IB- 3 cells to 
pCMVCFTR plus either Ad.RSV/Jgal (Figure 17 B) or 
25 polycationic liposomes (Figure 17 C) resulted in a 
fluorescence signal of at most about 75 and 120 pixels, 
respectively. The maximum fluorescence signal greater than 
150 pixels in intensity was obtained when cells were 
exposed to all three components, i.e., the polycationic 
30 liposomes as well as the pCMVCFTR and Ad.RSV/3gal plasmids, 
as presented in Figure 17 D. 

These results confirm not only that Ad.RSV/Jgal can 
mediate transfection of IB3-1 cells with a CFTR cDNA- 
encoding plasmid, but also that such transfection can be 
35 augmented by preincubation of plasmid DNA with liposomes 
comprised of a 1:1 DOSPArDOPE molar ratio. This successful 
transfer of a CFTR cDNA to cultured cells defective in CFTR 
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protein supports the potential applicability of this 
approach to in vivo gene therapy in lung epithelial cells 
normally defective in CFTR protein. 

5 EXAMPLE 18; Viability of Cells Following Transfection 
Mediated b v Ad -CFTR and Augmented by Preincubation of 
Plasmid with Polvcationic Liposomes 
In this Example, the effect on cell viability of the 
adenoviral -mediated transfection protocol described herein 
10 was evaluated. 

In order to evaluate any effect on cell viability, IB3- 
1 cells were transfected with pCMVgal plasmid either alone 
or along with one or both of Ad- CFTR and liposomes 
comprised of a 1:1 DOSPA:DOPE molar ratio as described in 
15 Example 17. Following transfection, cells were removed 
from the tissue culture plates using trypsin, and were 
suspended in 1 ml of Hanks' Balanced Salt Solution 
(Mediatech, Herndon, VA) supplemented with 1% FCS. 40 fil 
aliquots were then mixed with 40 jil of 1% trypan blue, and 
20 cells were visualized under a phase contrast microscope. 
In parallel, 0.8 ml of the cell suspension was treated with 
50 ftl of propidium iodide (20 /xg/ml, Calbiochem, La Jolla, 
CA) , and cells were visualized using a fluorescent 
microscope. Three fields of 100 cells each were counted, 
25 and cells which took up the blue or fluorescent dye were 
scored as non-viable. 

For all of the conditions tested, i.e., transfection 
involving exposure of IB3-1 cells to pCMVjffgal plasmid 
alone, or combined with exposure to Ad-CFTR, polycationic 
30 liposomes, or polycationic liposomes plus Ad-CFTR, less 
than 10% of the cells examined in each case were non- viable 
following transfection (data not shown) . 

These results confirm the absence of substantial 
toxicity of adenoviral -mediated transfection, or of 
35 augmentation of such transfection by preincubation of 
plasmid with polycationic liposomes. Moreover, the results 
strongly support the applicability of this highly efficient 
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method of transfection for in vivo nucleic acid transfer, 
as the DNA transfection protocol using Ad alone or in 
conjunction with polycationic molecules resulted in death 
of less 10% of cells examined in in vitro transf ections . 

5 

ey&mpt.B 19: Tn vivo U s * of the Method of Ad-Mediated 
Tranafpr^ion augmented by Cationic Agents 
In this Example, the method of adenoviral -mediated 
transfection and method of augmentation of such 
10 transfection with use of cationic agents as may be employed 
in vivo is described. 

The present invention may be utilized in the treatment 
of diseases and disorders which may be associated with, or 
treatable by an alteration in the pattern of gene 
15 expression. . Such diseases and conditions include but are 
not limited to IDs including diabetes, cystic fibrosis, 
multiple sclerosis and certain types of cancer. Similarly, 
the method of the present invention could be employed in 
the treatment of inflammatory disorders, viral infections 
20 and wasting disorders, such as those mediated by tumor 
necrosis factor. Moreover, the method could be employed to 
deliver pharmacologics such as antihypertensives and 
anticoagulants, or receptor agonists or antagonists. 

To this end, nucleic acids including DNA, RNA or PNA 
25 can be delivered either in vitro or is vivo.. The 
adenoviral -mediated method of transfection described herein 
can be employed in direct in vivo applications, such as, 
for instance, by administration of the various components 
of the invention via intratracheal instillation or aerosol 
30 administration. Alternatively, the method can be employed 
in vitro , wherein in vitro transfection of some of the 
cells • of the host is performed, followed by the 
reintroduction of the cells into the host by a means such 
as injection. This method is advantageous since it allows 
35 the culture to be screened for transf ectants prior to 
reintroduction into the host, and even potentially allows 
for enrichment of transfected cells using a selection 
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protocol such as is known in the art (e.g., genet icin or 
G418 resistance as a consequence of transfer of a marker 
gene) . 

Of the IDs which may potentially be treated using the 
5 method of the present invention, cystic fibrosis is 
particularly relevant. CF is the most common, lethal 
. inherited disorder in the Caucasian population (Hamosh et 
al . . J- Clin. Invest. , 8£, 1880-85 (.1991)) . The vector Ad- 
CFTR, employed in the method of the present invention may 
10 be particularly useful in this respect. 

All of the references cited herein, including patents, 
patent applications, and publications, are hereby 
incorporated in their entireties by reference, as are the 
15 additional references by Seth et al., J, Virol . . 6£, (1994) 
and Yoshimura et al., J. Biolog. Chem. . 268, 2300-2303 
(1993). 

While this invention has been described with an 
emphasis upon a preferred embodiment, it will be obvious to 

20 those of ordinary skill in the art that variations in the 
preferred composition and method may be used, including 
variations due to improvements in the art, and that it is 
intended that the invention be practiced otherwise than as 
specifically described herein, to encompass these 

25 variations. Accordingly, this invention includes all 
modifications encompassed within the spirit and scope of 
the invention as defined by the following claims. 
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WWRT TS CLAIMED IS ; 

1. A method of introducing a nucleic acid into a 
eukaryotic cell which comprises contacting said cell with, 

5 in any order or simultaneously, said nucleic acid, and an 
adenovirus, wherein said nucleic acid is not bound to any 
molecule capable of effecting its entry into the cell. • 

2. The method of claim 1, wherein said cell is 
10 contacted with said adenovirus less than about 8 hours 

after, or less than about 8 hours before, said cell is 
contacted with said nucleic acid. 

3. The method of claim 1, wherein said cell is 
15 contacted with said second composition less than about 2 

hours after, or less than about 2 hours before, said cell 
is contacted with said first composition. 

4. The method of claim 1, wherein said nucleic acid 
20 is DNA. 

5. The method of claim 1, wherein said nucleic acid 
is RNA. 

25 6. The method of claim 1, wherein said nucleic acid 

is PNA. 

7. The method of claim 1, wherein said eukaryotic cell 
is in vivo . 

30 

8. The method of claim 1, wherein said eukaryotic cell 
is is vitro . 

9. The method of claim 1, wherein said eukaryotic cell 
35 is selected from the group consisting of mammalian, avian, 

and fish cells. 
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10. The method of claim 9, wherein said eukaryotic 
cell is. selected from the group consisting of ungulate, 
feline, and canine cells. 

5 11. The method of claim 9, wherein said eukaryotic 

cell is a human cell. 

12. The method of claim 1, wherein said adenovirus is 
present in said second composition in an amount of about 20 

10 to about 2000 placque forming units per cell to be 
contacted. 

13. The method of claim 1, wherein said adenovirus is 
a wild- type strain. 

15 

14. The method of claim 1, wherein said adenovirus 
comprises genetic material with at least one modification 
therein. 

20 15. The method of claim 14, wherein said modification 

renders said adenovirus replication- deficient . 

16. The method of claim 14, wherein said modification 
is selected from the group consisting of addition of a DNA 
25 segment, rearrangement of a DNA segment, deletion of a DNA 
segment, replacement of a DNA segment, methylation of 
unmethylated DNA, demethylation of methylated DNA, and 
introduction of a DNA lesion. 

30 17. The method of claim 14, wherein said modification 

alters the cell binding, endosomal lysis, or intracellular 
targeting capabilities of the adenovirus. 

18. The method of claim 1, wherein said adenovirus 
35 comprises empty capsids. 



WO 95/21259 



PCT/US95/00924 



10 



66 

19. The method of claim 1, wherein said adenovirus has 
been inactivated. 

20. A method of introducing a nucleic acid into a 
eukaryotic pell which comprises contacting said cell with, 
in any order or simultaneously, said nucleic acid, an 
adenovirus, and a cationic agent, wherein said nucleic acid 
is not bound to any molecule capable of effecting its entry 
into the cell other than, optionally, said cationic agent. 

21. The method of claim 20, wherein said nucleic acid 
and said cationic agent are mixed together and preincubated 
prior to contacting said cell. 

15 22. The method of claim 21, wherein said cell is 

contacted with said adenovirus less than about 8 hours 
after, or less than about 8 hours before, said cell is 
contacted with said preincubated nucleic acid and cationic 
agent . 

20 

23. The method of claim 21, wherein said cell is 
contacted with said adenovirus less than about 2 hours 
after, or less than about 2 hours before, said cell is 
contacted with said preincubated nucleic acid and cationic 

25 agent . 

24. The method of claim 20, wherein said nucleic acid 
is DNA. 

30 25. The method of claim 20, wherein said nucleic acid 

is RNA. 

26. The method of claim 20, wherein said nucleic acid 
is PNA. 



35 



27. The method of claim 20, wherein said eukaryotic 
cell is in vivo . 
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28. The method of claim 20, wherein said eukaryotic 
cell is in vitro. 

29. The method of claim 20, wherein said eukaryotic 
5 cell is selected from the group consisting of mammalian, 

avian, and fish cells. 

30. The method of claim 29, wherein said eukaryotic 
cell is selected from the group consisting of ungulate, 

10 feline, and canine cells. 

31. The method of claim 29, wherein said eukaryotic 
cell is a human cell. 

15 32. The method of claim 20, wherein said adenovirus 

is present in said second composition in an amount of about 
20 to about 2000 placque forming units per cell to be 
contacted. 

20 33. The method of claim 20, wherein said adenovirus 

is a wild- type strain. 

34. The method of claim 20, wherein said adenovirus 
comprises genetic material with at least one modification 

25 therein. 

35. The method of claim 34, wherein said modification 
renders said adenovirus replication-deficient. 

30 36. The method of claim 34, wherein said modification 

is selected from the group consisting of addition of a DNA 
segment, rearrangement of a DNA segment, deletion of a DNA 
segment, replacement of a DNA segment, methylation of 
unmethylated DNA, demethylation of methylated DNA, and 

35 introduction of a DNA lesion. 
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37. The method of claim 34, wherein said modification 
alters the cell binding, endosomal lysis, or intracellular 
targeting capabilities of the adenovirus. 

.38. The method of claim 20, wherein said adenovirus 
comprises empty capsids. 

39. The method of claim 20, wherein said adenovirus 
has been inactivated. 

40. The method of claim 20,' wherein said cationic 
agent is a polycarbene. 

41. The method of claim 20, wherein said cationic 
15 agent is 1 , 5 - dimethyl - 1 , 5 - diazaundecamethylene 

polymethobromide . 

42. The method of claim 20, wherein said cationic 
agent is a liposome. 

20 

43. The method of claim 42, wherein said liposome is 
comprised of lipid. 

44. The method of claim 20, wherein said cationic 
25 agent is a monocationic liposome. 

45. The method of claim 44, wherein said monocationic 
liposome is comprised of lipid. 

30 46. The method of claim 44, wherein said monocationic 

liposome is comprised of N- [1- (2,3- dioleyloxy) propyl ] - 
N,N,N-trimethylammonium chloride. 

47. The method of claim 44, wherein said monocationic 
35 liposome is comprised of 1, 2-bis (oleoyloxy) -3- 
( trimethylammonio) propane . 
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48. The method of claim 44, wherein said monocationic 
liposome is comprised of l,2-dioleyl-3-dimethylamino 
propyl-B- hydroxy- ethyl ammonium acetate and 
dioleoylphosphatidyl ethanolamine . 

.5 

49. The method of claim 20, wherein said cationic 
agent is a polycationic liposome. 

50. The method of claim 49, wherein said polycationic 
10 liposome is comprised of lipid. 

51. The method of claim 49, wherein said polycationic 
liposome is comprised of 2 , 3 -dioleyloxy-N- 
[2 ( spermine carboxamido) ethyl] -N, N- dimethyl -1-propanaminium 

15 trifluoroacetate and dioleoylphosphatidyl ethanolamine. 

52. The method of claim 49, wherein said polycationic 
liposome is comprised of 2 , 3 -dioleyloxy-N- 
[2 (sperminecarboxamido) ethyl] -N,N- dimethyl -1-propanaminium 

20 trifluoroacetate and dioleoylphosphatidyl ethanolamine. 

53. The method of claim 49, wherein said polycationic 
liposome is comprised of dioctadecylamidoglycylspermine. 



WO 95/21259 



PCTAJS95/00924 



1/13 




FIG.1 




AMOUNT of ADENOVIRUS (PFU/CELL) 



FIG. 2 



SDESIEIUIE SHEET (K28) 



WO 95/21259 



PCT/US95/00924 




PFU/cell 



FIG. 4 



WO 95/21259 



PCT/US95/00924 



3/13 




FIG. 6 

SUBSTITUTE JHEET (RULE 26) 



WO 95/21259 



PCT/US95/00924 



4/13 




PREINCUBATION of AdCFTR (°C) 

FIG. 7 




ANTISERUM DILUTION 

FIG. 8 

SUBSTITUTE SHEET (RULE 26) 



WO 95/21259 



PCT/US95/00924 



5/13 




50 100 150 

CONCENTRATION of CHLOROQUINE (\lUI) 



200 



FIG. 9 



10 7 ET 




10 3 



Plasmid+AdCFTR 

— s ; — 



opiasmtd alone 

JL 



0 10 



30 60 90 120 

TIME of EXPOSURE TO UV LIGHT (sec) 

FIG. 10B 

SUBSTITUTE SHEET (RULE 26) 



-IF 



300 



WO 95/21259 



PCT/US95/00924 



6/13 



A 




Ul 0 10 30 60 120 300 
Time of exposure to UV light (sec) 

FIG. 1 0A 

SUBSTITUTE SHEET (RULE 26) 



WO 95/21259 



PCTAJS95/00924 




FIG. 12 

SUBSTITUTE SHEET (RULE 26) 



WO 95/21259 



PCT7US95/00924 



8/13 




FIG. 13B 

SUBSTITUTE SHEET (RULE 26) 



WO 95/21259 



PCT/DS95/00924 



9/13 




FIG.13C 




SUBSTITUTE SHEET (RULE 26) 



WO 95/21259 



PCT/US95/00924 



10/13 




3 4 
LIPOSOME 

FIG. 14 



6 




3 4 
LIPOSOME 

FIG. 15 

SUBSTITUTE SHEET (RULE 26) 



6 



WO 95/21259 



PCT/US95/00924 



11/13 



103 



> 10 2 

< 

i 10 
o 

I 

02. 

1.0 



0.1 



E3p-gal activity -Ad 
□ p-gal activity + Ad 




VESICLE SIZE 

FIG. 16 



up 
of 

§1 

oil! 
uj z 
cc- 

O —I 
5 LU 

JX 

>E 
-J u> 

UJ 



160 
140 
120 
100 
80 
60 
40 
20 




- IODIDE 

- i~r~r 



NITRATE 



cpt-CAMP + lBMX + FSK 
■ I ■ I » I t » ■' 



4 6 8. 10 12 14 
TIME (MINUTES) 

FIG. 17A 

SUBSTITUTE SHEET (RULE 26) 



16 18 20 



WO 95/21259 



PCT/US95/00924 



12/13 



160 




cpt - CAMP + IBMX + FSK - 



8 



10 12 14 16 18 20 



TIME (MINUTES) 

FIG. 17B 



160 





4 6 8 10 12 
TIME (MINUTES) 

FIG. 17C 

SUBSTITUTE SHEET (RULE 26) 



cpt - CAMP + IBMX + FSK 



14 16 18 20 



WO 95/21259 PCT/US95/00924 



13/13 




NITRATE 



cpt - CAMP + IBMX + FSK 

■ i i i i i i ■ 



6 8 10 12 14 16 18 20 
TIME (MINUTES) 

FIG. 17D 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inter" 'oral Application No 

PC i /US 95/00924 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C12N15/63 C12N15/85 C12N15/86 



According to International Patent Qass'fieation (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 C12N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Rdcvant to claim No. 



P,X 



JOURNAL OF VIROLOGY, 
vol. 68, no. 2, 1994 
pages 933-940, 

PREM SETH ET AL. 'Mechanism of 
enhancement of DNA expression consequent 
to cointernalization of a 
replication-deficient adenovirus and 
unmodified plasmid DNA 1 
*see the whole article* 

JOURNAL OF BIOLOGICAL CHEMISTRY, 
vol. 268, no. 4, 1993 
pages 2300-2303, 

K. Y0SHIMURA ET AL. 'Adenovirus-mediated 
augmentation of cell transfection with 
unmodified plasmid vectors 1 
*see the whole article* 

-/~ 



1-53 



1-53 



m 



Further documents arc listed in the continuation of box C 



□ 



Patent family members are listed in annex. 



* Special categories of cited documents : 

"A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E* earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claimfs) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 



'X' document of particular relevance; the d aimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the daisied invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the ait. 

'&* document member of the same patent family 



Date of the actual completion of the international search 



21 June 1995 



Date of mailing of the international search report 



BiJZJ5 



Name and mailing address of the ISA 

European Patent Office, P.B. S818 Patent! aan 2 
NL • 2280 HV Rijswijk 
Td. (+ 31-70) 340-2040, Tx 31 651 epo nl, 
Fax (+31-70) 340-3016 



Authorized officer 



Marie, A 



l PCT/ISA/210 (name ifaeet) (July 1992} 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



| Intor -'anal Application No 

PC i /US 95/00924 



CiCmtfinuaoon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' I Citation of document, with indication, where appropriate, of the relevant passage! 



Journal of Cellular Biochemistry, 
suppl. 17E, 1993, page 251 and 
Keystone Symposium on Gene Therapy, 
Colorado, USA Apr 12-18, 1993 
*see the whole abstract* 



1-53 



Fcnn PCT/1SA/210 (centinuiticn ofnocn* shael) (July 1992) 



page 2 of 2 



